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In 1970, the Soviet Union continued its successful invest_ations

of outer space.

Cosmonauts completed a long flight in the manned spacecraft Soyuz

9. Great success was achieved in studying the moon. Luna-16 obtained

a sample of lunar soil and delivered it to the earth. Luna-17 put the

self-propelled vehicle Lunokhod I on the moon and the latter traveled

the first kilometers ever on the lunar surface. The interplanetary

station Venera-7 landed on the surface of Venus. Satellites are in

use for communications, television, and for obtaining weather infor-

mation.

As in the past, the earth's atmosphere was studied, and medical

and biological investigations were made, as were others.

Cooperation with socialist and other countries in the "Inter-

kosmos" program is expanding.

This report contains short descriptions of the principal results

of space investigations, materials from which were processed, wholly,

or in part, in 1970.
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I. Investigations of the Moon and Planets

I. In accordance with the program for investigating the moon, 1970 saw

the accomplishment of the launching of automatic space stations for making

soft landings on the moon, expanding significantly the possibility of using

automatic equipment in space investigations.

The automatic space station Luna,16 (Figure I) landed on the dark side

of the moon on September 20, 1970, proceeded to bore and scoop out lunar soil,

and then, aided by a rocket, accomplished a launch from the lunar surface,

thus ensuring the delivery of the returning capsule (Figure 2) with the lunar

material to the earth (Figure 3).

On November 17, 1970, the automatic space station Luna-17 delivered Luno-

khod-I (Figure 4), a self-propelled automatic vehicle, to the lunar surface.

This was the first mobile automatic laboratory in astronautics. It was con-

trolled from the earth and was designed for the complex study of the features

of the lunar surface, the lunar environment, and distant objects in deep

space. The space vehicle was thus the first to study the landing site, as

well as the surrounding region. Topographic, geologic, and morphologic

features of the locality were studied at the same time that chemical composi-

tion and the physical and mechanical properties of the lunar soil along the

path traversed by Lunokhod 1 were determined.

Moreover, data on radiation along the flightpath to the moon, in near-

lunar space, and on the lunar surface were gathered. An X-ray telescope

measured the intensity and angular distribution of X-ray radiation and cos-

mic rays, as well as of individual sources.

The experiments in laser location of the moon using the French corner

reflector installed on LunoRhod I _ere successful. The useful life of Luno-

khod 1 showed it to be a highly dependable vehicle and the use of similar

systems is quite promising.
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Figure 1. The automatic space s t a t i o n  Luna-16. 

1 - re turning capsule; 2 - rocket instrument compart- 
ment; 3 - boring mechanism; 4 - boring mechanism rod; 5 - telephoto- 
meter; 6 - h e 1  tank; 7 - landing s tage  engine; 8 - moon-earth rocket 
engine; 9 - landing s tage instrument compartment; 10 - cont ro l  nozzles; 
11 - rocket f u e l  tanks; 12 - antenna. 

The landing s i t e  of Luna-16 (Oo4ltS, 56'18''E) a t  the  northeastern t i p  of 

I7 the  Sea of F e r t i l i t y  i s  approximately 800 km t o  the  eas t  of the c l o s e s t  of the  

Apollo spacecraft  landing sites (ApolloAll). The cha rac t e r i s t i c s  of t h i s  mare 

correspond t o  those of the o ther  of the moonos equator ia l  maria, a l l  of which 

show traces of a comparatively gent le  subsidence and have the  d issec ted  con- 

tours  of a shoreline. 

- 

The landing s i t e  f o r  Luna-17 (38'17'N, 35°00eW), and explored by Lunok- 

hod-1, i s  i n  the northwestern p a r t  of t he  Sea of Rains, almost 2500 km from 

the  Luna-16 landing s i te .  

by landing vehicles. 

This i s  the  northernmost p a r t  of the  moon explored 
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Figure 2.  Returning capsule of the  autoli a t i z  ?pace s ta t ior :  Luna-16 

1 - contairier f o r  lunar s o i l ;  2 - ccnta iner  cover; 3 - 
storage ba t te ry ;  4 - heat protection; 5 - ret.urniiig 
capsule housing; 6 - t ransmi t te rs ;  7 - antenna switch; 
8 - antenna; 9 - parachute cmpartnent;  10 - parachute 
compartnent cover. 

The landing s i t e  can be characterized as  one most t yp ica l  of a c i r c u l a r  

mare rimmed by shoreline mountain ridges usually associated with cat-astrophic 

type processes. 

2 .  The lunar  soil sample delivered t o  the  receiving laboratory (Figure - 18 
5) w a s  subjected t o  dosimetry, biological,  and toxicological monitoring but, 

as previous inves t iga t ions  made i n  the  United S ta t e s  have shown, t h i s  was un- 

necessary. The sample was thoroughly investigated. 

The core of loose lunar s o i l  (regolith) was 35 c m  long, and was trans- 

ported on a receiving tray.  

length (Figure 6), it did show an increase i n  the midian s i z e  of gra ins  from 

70 t o  120 microns. 

While it seemed t o  be horogeneous throughout i t s  

The r e g o l i t h  was found t o  have a mean density i n  i t s  
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natura l  occurrence of 1.17 g/cm 
depending on bulk and conpacting conditions. 

l i t h  was determined as 0.17 kcal-kg-l-degree-l. 

somewhat i n  the red rays (0.086 i n  the u l t r a v i o l e t ,  0.1.07 i n  the v i s ib l e ,  and 

0.126 i n  the inf ra red  regions of the spectrum). 

but t h i s  var ied from 1.1 t o  2.3 g / m  s 

The spec i f ic  heat of the  rego- 

The normal albedo increased 

The mirror  compocent i s  c lear -  

not :iceable 

.ire 3. Returning capsule of the automatic space s 
16 a f t e r  landing on ear th .  

 tat ion  Luna- 

The physical and mechani.ca1 propert ies  of the r e g o l i t h  change s i g n i f i -  

cant ly  w i t h  degree of compaction. 

The lunar  s o i l  holds a v e r t i c a l  w a l l  w e l l  (Figure 7) ,  and the p a r t i c l e s  

adhere readi ly  t o  each other ,  forming individual  lumps. 

The s o i l ,  i n  i t s  loose state, i s  highly compressible, has a low shear  

strength,  and low bearing capaci ty ,  There i s  a sharp improvement i n  mechani- 

c a l  propert ies  when s o i l  compaction is  increased. 

The regol i th  gra ins  are qu i t e  varied i r _  tenns of mineralogical and pet- 

rographical cha rac t e r i s t i c s  and can be broken down i n t o  two main types: 

of primary magmatic rocks of the basa l to id  [ s i c ]  type; and p a r t i c l e s  t h a t  had 

been subjected t o  not iceable  modifications on the  lunar  surface.  To be noted 

among them are t races  of powerful, instantaneous fusion, r e su l t i ng  i n  the  whole 

gamut of sintered, fused, and spherical  pa r t i c l e s ,  which a r e  drople t s  of the 

s i l i c a t e  melt tha t  s o l i d i f i e d  i n  f l i g h t .  

grains  
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Figure 4. 

Figure 5 .  

The self-propelled au tona t ic  vehicle Lunokhod- 1. 

The receiving chamber for inves t iga t ing  the 1um.r s o i l  
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Figure 7 .  Mound of lunar  s o i l  Polding a v e r t i c a l  w a l l  w e l l .  

-- --- 
Rock 

Gabbro 
Basalt 
Anorthosite 
Breccia 
Scoriae and s i n t e r s  
Glasses and s ingle  mineral grains 
Globules 

40.0 17.5 

Miscellaneous -~~ 1.2 - I 

----- 

-- -- 

Table 1 shows the nature  of the  p a r t i c l e  d i s t r ibu t ion  i n  the  coarse 

f r a c t i m s  of the  regol i th .  

I t  i s  of i n t e r e s t  t o  note the appreciable amount of anor th i te  (anortho- 

s i t e )  i n  the  lunar  r ego l i th  (Figure 8). 

TABLE 1. DISTRIBUTION OF NLTMBER OF PARTICLIS OF ASSORTED ROCKS I N  
TERMS OF FRACTIONS OF GRAINS LARGER THAN 0.45 MM AND PRIN- 

CIPAL ZONES, A, B y  C y  D OF THE SECTION ( I N  %). 

C D 

8.1 15.2 
h.9 7.9 
2.5 4.5 

35.5 8.3 
41.8 53.6 
6.2 6.1 

2.5 

-- 

1.2 1.6 - I12 

- -  --c 
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Figure 8. 
l a r g e r  than 0.45 mm). 

Types of lunar  s o i l  p a r t i c l e s  (fracticms of gra ins  



TABLE2. COMPOSITIONOF THE LUNAR SOIL BROUGHT BACK FROM

THE SEA OF PLENTY BY LUNAqI6

SiO 2

TiO 2

A1203

FeO

MgO

CaO

Grains of

Basalt

43.8

4.9

13.65

19.35

7.05

10.4

Fine

Fractions

41.7

3.39

15.32

16.8

8.73

12.2

N20

MnO

Cr203

ZrO 2

Grains of

Basalt

0.33

0.15

0.2

0.28

0.04

Fine

Fractions

0.37

0.i0

0.21

0.31

0.015

What must be pointed out in comparing the composition of the fine-grained

part of the regolith with the composition of crystalline lunar rocks is that

the regolith is relatively enriched with plagioclase and depleted of pyroxene,

olivine, ilmenite, and spinel. In other words, crystalline rocks have a more

mafic composition than does the regolith (Figure 9).

Solar wind gases, which have a high concentration, are the domimant com-

ponents of the regolith gas composition, and it is here that lunar rocks differ

so significantly from earth rocks and meteorites.

Determination of the absolute age of the fine fractions of the regolith

using the Rb/Sr method yielded an isochrone mean of 4.45 and 4.46_0.5 billion

years. Values close to these also were obtained with pb206/pb207.

It can be considered as established, therefore, that the lunar maria for

the most part are areal outcroppings of rocks of basaltic composition, as had

been supposed on the basis of the study made of the gamma-spectra of the lunar

surface obtained by Luna I0 in 1966.

A comparison made with data obtained by American reasearchers reveals that

the regolith is a regional surface fo_ation, the characteristics of which

are quite constant and change within limits on the surfaces of the lunar

mariw that corresponds to the optical homogeneity of the lunar maria known from

astronomical observations. With respect to the diversity of the mineral com-

position of the regolith, the thought is that it is formed right on the site

of its occurrence, and, at the s_r_e time, that the components of its particles

/I



can be transported over considerable distances, thus resulting in an averaging 

out of regolith characteristics. 

Study of the lunar soil sample is continuing. 

Figure 9. A particle of coarse-grained lunar basalt under the 
microscope. Polarized light, Nicol prism +. 

.o 



3. Processing of the data obtained by Luna-17, and brought back to its
station on the lunar surface by Lunokhod.l, is continuing.

Alti_eter readings along the Luna-17flightpath provided an overall

height profile of the surface of the Seaof Rains, showing it to be a plain
dissected by a syste_ of ridges 300 to 500meters high, and complicated by
individual crater-like shapes.

Movementof LunokhodI madepossible a very detailed study of the mor-

phology and distribution of craters and rocks along its path over a distance
of several kilometers. In turn, this madepossible a statistical stt;dy of
small shapeswithin a large area, something that had not been permitted to
other types of space vehicles. The most interesting of the geological and

morphological formations, in terms of characteristics of chemical composition

and physical and mechanical properties of the soil in various sections of the

lunar surface, on the plain, as well as in regions of crater ejections and

inside a number of craters, were studied on a selective basis. Study of

numerous fresh craters made it possible to develop the nature of the ejec-

tions of rocks from craters less than 30 meters in diameter, and to determine

variations in the regolith thickness.

A survey of the lunar landscape was the basis for a topographic study of

the terrain. This included television panoramas (scores) and photographs

(several hundred), as well as telemetry on length of path traveled, and mea-

surements of course, and the list and trim of Lunokhod I while it was moving.

The results of the survey included the compilation of a topographic map

of the track at a scale of I:I000, rectified maps of individual sections at a

scale of 1:200, topographic plans of individual sections at a scale of I_I00,

and heights of track profile, and characteristics of craters, from a study of

stereo pairs.

A topographic survey of the track over 3,600 meters long and up to 150

meters wide, was made during the first three lunar days. Results of the opera-

tional work done are shown on the topographic map (Figure I0).

The geologic and morphologic description of the region was arrived at by

studying the panoramic pictures (a fragment of one is shown in Figure II) and

using the topographic characteristics of the terrain, data on variations in

the physical and mechanical and chemical properties of the soil and the

/I
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positions of the vehicle along the track. Geologic and morphological maps
of sections whereLunokhod°l stopped were obtained and a n1_ber of conclusions

with respect to characteristics of the region _nvestigated were reached.

This region of the Seaof Rains resembles the maria regions of the moon's
equatorial zone previously studied, in general Morphology, nature of the rego-
lith, and propagation of craters and rocks. This is indicative of the gener-
ality in the behavior pattern of the formation andevolution of the lunar
surface over a considerable expanseof lunar maria.

Established was the fact that craters with smoothshapespredominate
amongthe small craters (those with diameters less than 30 meters), and that

there are vezy few fresh rocky craters with sharp relief. This showsthat
the process of crater formation has been a lengthy one, and that their shapes
have changedwith age becauseof destruction that has tended to softem their
shape. Most such craters are of impact-explosion origin. The presence of
most of the rocks on the lunar surface is the result of their ejection from

craters. A comparison of shapes of rocks in the ejection zones shows that

they become rounded and smooth with the passage of time.

A variety of rocks of different shapes and colors were observed, but the

overall geologic s_ructure of the region studied is typical of lunar maria.

This structure consists of thick basaltic lava flows covered by from 1 to 5

meter thick layers of regolith.

RIFMA spectrometric equipment was used to make a rapid analysis of

the chemical composition of the lunar soil along the path taken by Lunokhod-l.

This was done by studying the X-ray spectra obtained from gamma-irradiation of

the soil by an isotope.

The chemical composition at many sites with characteristic geologic and

imorphologic features was measured, as was the composition of individual rocks,

of undisturbed soil surfaces, and of rocks 5 to i0 cm deep. Variations in

content of aluminum, calcium, silicon, iron, titanium, and other elements_

were determined.

The data confirm the origin of the regolith as the result of breakdown of

rocks, in the main those of basaltic composition.

_Translator's Note: Expansion is unknown.

/19
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Fi6ure I0. Topographic map of path of Lunokhod-I durin6 the

first three lunar days.

The physical and mechanical properties of the lunar soil were detezm_ined

in several ways. One was by the insertion of a conically-shaped shovel-like

borin6 tool into the soil (Fi6ure 12) and the turnin6 it. Another was by

measuring the interaction between the wheels of Lunokhod-i and the soil. Yet

another involved analyzin6 the pictures of the tracks left by the vehicle.

The re6olith alon6 the path over which the vehicle moved is a fine-6raine

material, for the most part, with little cohesiveness. Its bearin8 capacity
-I

ranges from 0.2 to I.I k_-cm , and its resistance to rotational shear from

13



-1 
0.02 t o  0.09 kg-cm Good compact<-on of the  upper layer,  together with an 

increase i n  bearing capacity, w a s  noted when the  boring t o o l  was buried re- 

peatedly. 

. 

Figure 11. Fragment of one of the  panoramas of the  lunar  sur face .  

Processing the r e s u l t s  of the  experiments conducted with Lunokhod-1 i s  

continuing. 

14  



I 

Figure 12. Lunokhod-1 instruments f o r  inves t iga t ing  the  physical 
and mechanical propert ies  of the lunar  s o i l .  

1 - penetrmetery.  2 - "fif'th" wheel. 

4. New da ta  on the  f igu re  and r e l i e f  of the moon were obtained from 

photographs of the moon's west.ern hemisphere, taken by Zond-6. 

P ro f i l e s  of cross-sections i n  planes c lose  t o  the d i rec t ion  t o  the earth 

were s tudied from picti ires of the  lunar  limbs. Analysis of these p r o f i l e s  re- 

su l ted  i n  finding previously unknown formations on the Ear s i d e  o f  the moon i n  

the  region of i t s  south pole, including a broad depression, 4.7 km deep, and 

prominences up t o  10 Imn high. 

The combined s t a t i s t i c a l  processing of coordinates of points  i n  lunar  

catalogs,  and of measurements i n  pictures  of the points  on the  photography 

provided sone estimates of random er rors  i n  the catalogs.  

5. The automatic interplanetary s t a t i o n  Venera-7 (Figure 13) was launched 

toward Venus on August 1 7 ,  1970, from an a r t i f i c i a l  e a r t h  s a t e l l i t e  i n  orb i t .  

The descent vehicle  landed on Venus on December 15. The 1andj.ng was made on 

the f a r  s ide,  approximately 2000 km from the  morning terminator. 

The descent vehicle  (Figure 14)  of Venera-7, as  dis t inguished from the 

vehicles  used with preceding 

the Venusian atmosphere, and t o  provide f o r  the operation of s c i e n t i f i c  equip- 

ment on the p lane t*s  surface. The design incorpcrated a new housing and newly 

s ta t ions ,  was designed t o  probe and inves t iga te  

15 
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Figure 13. The automatic in te rp lane tary  s t a t i o n  Venera-7. 

1 - descent vehicle; 2 - so lar -ce l l  banks; 3 - sensor 
f o r  astronomical or ien ta t ion ;  
5 - correc t ion  engine; 
with cont ro l  nozzles; 
s o r  f o r  constant s o l a r  or ien ta t ion ;  9 - o r b i t a l  com- 
partment; 10 - radiator-cooler;  11 - moderate direc- 
t i v i t y  antenna; 12 - beam antenna; 13 - pneumatic 
system automatic un i t ;  

4 - protec t ive  panel; 
6 - pneumatic system manifolds 

7 - cosmic ray counter; 8 - sen- 

1 4  - compressed nitrogen bot t le .  

developed heat insu la t ion  with a spec ia l  composition t o  provide t h e  descent ve- 

h i c l e  with protect ion against  t he  extremely high temperatures and pressures en- 

countered upon entering the  planet ' s  atmosphere, while descending on the  para- 

chute, and af ter  landing on the  surface. 

f o r  measuring temperatures between 25 and 54OoC, and pressures between 0.5 and 

150 atm. 
were tuned, and compared with the  frequencies generated by standard generators 

on the  ground several  times during the f l i g h t .  

the  rate a t  which the  vehicle  was descending i n  the  Venusian atmosphere with a 

high degree of accuracy. 

The descer,t vehicle  ca r r i ed  equipment 

The vehicle  a l s o  car r ied  highly s t ab le  frequency generators.  They 

This made it possible  t o  measure 

Change i n  t h e  frequency o f  the radio s igna l  a t  the  end of the  descent phase 

establ ished the  f a c t  t h a t  the  rate a t  which the .vehicle had been desceiiding 

16 



r e l a t i v e  t o  the  planet had become zero. In  o ther  words, t h e  vehicle  had 

landed. Change in the frequency of t he  on-board t ransmi t te r  recorded af ter  

t h i s  point  i n  time corresponded exact ly  with the  rate a t  which t h a t  p a r t  of 

the  Venusian surface upon which calculat ions showed the  vehicle  t o  have de- 

scended w a s  moving r e l a t i v e  t o  the  eartb. 

3 

Figure 14. The descent vehicle of the  automatic in te rp lane tary  

1 - parachute; 2 - t ransmit t ing antenna; 3 - rad io  
t ransmit ter ;  4 - support r ing;  5 - damper; 6 - s t rength  
housing; 7 - switching uni t ;  8 - heat  insu la t ion ;  9 - 
heat exchanger; 10 - parachute compartment cover. 

s t a t i o n  Venera-7. 

The s igna ls  from the  descent vehicle were received f o r  23 minutes. Signal  

s t r eng th  was weaker than it was during the  descent by a f a c t o r  of approximately 

100. 

from the  d i r ec t ion  t o  e a r t h  a f t e r  landing on the surface.  

involving the  use of e lec t ronic  computers, was used t o  separate  t h i s  weak s ig-  

n a l  and decode the  information transmitted. 

The most probable explanation i s  the tilt i n  the  ax is  of the  antenna 

A spec ia l  procedure, 

Throughout t he  descent, and a f t e r  landing, t he  descent vehicle  of Venera- 
I 



this is the most important characteristic of the structure of the planet's
atmosphere. Thevehicle encountereda steady rise in temperature with de-
scent. The temperature of the environment remainedpractically unchangedfor
the entire time the radio transmitter was in operation on the Venusian surface.

Temperaturechangesin the atmospherefrom altitude downto the planet's
surface were determinedfrom the results of measurementsmadeof the tempera-

ture of the atmosphere and the rate of descent versus time. It was found

that the law of change in temperature was close to adiabatic right down to

the surface.

Measurements previously made by Venera-4, Venera-5, and Venera-6 in the

Venusian atmosphere helped establish the connection between temperature and

pressure up to heights of 20 km. The height distribution of pressure and

density of the atmosphere of Venus from altitude to the surface was calculated

by using equations of hydrostatic equilibrium and gas state and incorporating

these data with the results of the Venera-7 measurements.

Allowing for possible errors in measurements, it was possible to estimate

allowances that had to be made for temperature and pressure values obtained.

Atmospheric parameter values on the surface at the site where the descent

vehicle landed are 475_20°C, and 90_15 atm.

Direct measurements of temperature, pressure, and chemical composition

of the atmosphere of Venus, made by Venera-4 through Venera-7, provided the

basis for significant advances in concepts concerning physical features of

the Venusian atmosphere. A model of the planet's atmosphere, containing the

most important characteristics of its troposphere and stratosphere, was con-

structed. Direct measurements were used to calculate the attenuation and re-

fraction of radio waves in the atmosphere of Venus. The results of recent

radar observations of the planet in the centimeter and decimeter bands were

_rocessed with £hese data taken into consideration. Consideration of the at-

tenuation and refraction of radio waves using a spherical-symmetrical model of

the atmosphere of Venus provided the means for determining the pattern of the

back-scattering from the planet's surface, and to calculate the mean-square

angles of inclination of the surface, c; , on bases of the order of I0 wave-

lengths in the band of frequencies _ = 3.8 to 70 cm.

The calculations showed that reduction in the base results in an increase

in _= in this band from 5° to 8° (if the influence of the atmosphere is

[8
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disregarded the results of the ground radar measurements correspond to inde-

pendence of _ from the base).

A comparison of the results of calculations of _ values for identical

wavelengths in the centimeter and decimeter bands for the moon and Venus shows

that a s is larger by a factor of 2 for the moon than it is for Venus, while

retaining the nature of the increase in _ with shortening of the base.

6. Ground investigation of the moon, and of the planets, has continued.

Moon. A complete structural and geologic map of the moon has been drawn.

Observations have been made in the submillimeter band in order to determine

brightness temperatures.

Mercury' Phase changes in radiation from Mercury in the submillimeter

band have been measured.

Venus. A small diurnal change in the temperature of the atmosphere (_ 1%)

at heights of from 20 to 50 km, has been established from radioastronomical

investigations of the phase dependence of Venus at I = 8.2 mm.

Mars. The distribution of energy has been studied for continents, maria,

and polar caps in the spectrum between 3900 and 8600 _. Calculations have

been made of transparency and brightness of the sky on Mars.

Jupiter. Polarimetric and photometric observations have provided the

value of the optical thickness of the gas layer (less than 0.2) and mean rad-

ius of the particles of the cloud layer (of the order of 0.3 microns). A

hypothesis with respect to the vortical nature of the big red spot has been

formulated, The densities of the flows of radio radiation at 8.2 mm have been

measured.

Saturn. Absolute spectrometry of Saturn from photometric observations

in the visible part of the spectrum, and relative spectrometry of the disk

and rings in the ultraviolet has been undertaken. An increase in the reflec-

tivity of the planet's disk at wavelengths shorter than 3800 _ has been de-

tected, Brightness temperature of radio radiation from Saturn at 8.2 mm (132 ±

4°K) has been measured. It was found that the optical thickness of Saturn's

rings is less than 0.3 at this wavelength.

Uranus. The brightness temperature of radio radiation at 8.2 mm (134

10°K) has been measured. Ammonia is the most probable component of Uranus'

clouds.
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If. Investigations of Cosmic Ra_s, and the Interplanetary Medium, and

the Magnetosphere

1. In 1970, the processing of the information obtained by space station

Proton-4_ launched on November 16, 1968, and designed to study particles of

high and superhigh energy primary cosmic rays, continued.

The artificial earth satellites Proton-I, Proton-2, and Proton-3 previous-

ly had used direct methods to measure the energy spectrum of all particles

(protons and heavier nuclei) of primary cosmic rays in the ener_ range 5.1010

to 1014 ev. The Proton-4 experiment was a step forward in studying the

spectrum of all particles in the range of considerably higher energies all

the way to 4"1015 ev. Figure 15 shows Proton-4 results of measuring the prl-

mary cosmic ray spectrum.
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Figure 15. Energy spectrum of all particles (protons and heavier

nuclei) of primary cosmic rays measured by Proton-4.

o - integral amplitude analyzersl • - differential

amplitude analyzer.
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The direct methods used by Proton-4 established the fact that at energies

higher than 2.1015 ev the energy spectrum of primary cosmic rays will be

steeper.

Measurements made by Proton-i through Proton-4 have revealed that the

integral energy spectrum of primary cosmic rays in the energy range between 1013

and 1015 ev is a purely power-law spectrum with exponent y = 1.6. Particles

of primary cosmic rays with energies in this range are responsible for the

formation in the atmosphere of particles with energies between 1012 and 1013 ev.

At the same time, the energy spectra of nucleons and y-quanta, measured at

various depths in the atmosphere, are steeper and have exponents y = 1.9 to

2.0. This means that existing concepts relative to the constancy of the prin-

cipal characteristics of nuclear reactions (of effective cross sections of in-

elastic reactions, of coefficients of inelasticity) in this energy range should

be reviewed.

The result of analysis of data from the Proton stations was the detection

of irregularity in the spectrum at energies 1012•_ ev, evidently indicating

a change in the chemical composition of the primary cosmic rays in this energy

range. The existence of irregularity in the spectrum of all particles is shown

in Figure 16 (in order to better show the deviation of the measured spectrum

from a purely power law, the spectrum is shown in the coordinates log[_(aE) E_]

and E, where E is particle energy,[ ms particle intensity). The dots in Figure

16 show the measurement of the spectrum of all particles by Proton-l, Proton-2,

and Proton-3, the crosses the data obtained by Proton. 4. It should be pointed

out that irregularity is observed in the energy range where, according to the

Proton-l, Proton-2, and Proton-3 measurements, the energy spectrum of the pro-

tons of the primary cosmic rays becomes steeper.
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The magnitude Iog[_(_E)EY] in terms of energy (when

y = 1.60) for the average of all series of measured values

obtained by Proton-l, Proton-2, Proton-3, and for one series

of measurements by Proton-4.

Figure 16.
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Proton-3 was first to use direct methods of measuring the energy spectrum

of s-particles of primary cosmic rays to energy of 1012 ev/nucleon (Figure 17).

The streams of s-particles recorded in the i0 I0 to 5.1010 ev/nucleon range

are in good concordance with the data in the literature.

\
\

\

Figure 17. Spectrum of protons measured by Proton-l, Proton-2,and

Proton-3 (I) and energy spectrum of s-particles of primary

cosmic rays (2).

• - Proton 3 data; o - data by K. C. Anand et al; hatched

portion data by K. Pinkan et al.

2. Proton.2 and Kosmos. 208 investigated the intensities of the y-quanta

of high energies in primary cosmic radiation. These experiments yielded upper

limits of intensity of the isotropic background of primary y-rays with ener-

gies from 30 to 1500 Mev (Figure 18). The magnitudes of these limits, based

on the data from Kosmos-208 measurements, are lower than those obtained in

the experiments by Kraushaar and Clark, and by Kirillov-Ugryumov et al. This

was the first time that measurements were made over a wide range of energies.
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The in:fox_ation obtained concerning the arrange,nentsof the y-ray spectrum
at energies greater than 3.107 ev argues against the hypothesis that the con-

tribution from the decay of the n°-mesons forming in deep space as a result

._estof the reaction between cosmic rays and gas is the predominant one. con-

cordance with the experiment is noted :[or the calculations of reactions between

relativistic electrons and relict radiation.

3. In 1970, measurements of isotope and element composition of corpus-

cular stremns in deep space were continued by the manned spacecraft Soyuz-9,

and by the automatic interplanetary station Zond-8. The method used was that

of collection in specially prepared targets.

Soyuz-9 studied the streams of H 3 (30 to 80 Mev), He 3 (70 to 180 Mev),

and He 4 (80 to 200 Mev) nuclei between June I and 17, 1970. Total exposure

time was 1.5"106 seconds. The target used to study the energy spectrum of the

nuclei in these ranges was a set of plates made of specially purified alumin_n.

Laboratory ana].ysis of the target by a highly sensitive mass spectrometer with

high resolution and weak-background counters revealed that over the above-
-2 -i

indicated time span the stremns of nuclei were not in excess of 0.4 cm -sec

-2 -I -I He 3, -2 -I -I
-ster -I for H 3, 0.06 cm -see -ster for and I00 cm -sec -ster

for He4.

The Zond-8 experiment studied the element and isotope composition of the
2

corpuscular streams from the sun. The target had an area of 300 cm and was a

set of foils of different thicknesses for gathering nuclei with energies rang-

ing from 0.5 kev/nucleon to 3 Mev/nucleon. The target was exposed for 5o105

seconds when oriented with respect to the sun. Measurements showed that tar-

get temperature did not rise above 140°C at any time during the experiment.

This caused no noticeable loss of solar wind ions gathered by the target. Tar-

get analysis was made using the same set of laboratory equipment used to measure

the Soyuz 9 target. The Zond-8 target also was used to measure stable and rad-

ioactive isotopes of inert gases, as well as H 3. The long time the target was

exposed to the sun resulted in the number of isotopes gathered by the target

being considerably in excess of the background content of these isotopes in

the material.

The results of the analysis of the isotope composition of the solar wind

obtained during the flight of Zondo8 were compared with the results of dete_nining
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Figure 18.
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the concentration and isotope composition of the inert gases in lunar soil sam-

pies returned by Luna-16. The fine fraction of the lunar soil (particle sizes

40 microns) taken at depths between 0 and _ and 15 and 28 centimeters below

the lunar surface was measured. The comparison revealed that the content of

inert gases in the fine fraction of lunar soil is determined for the most part

by accumulations of such gases from solar wind streams. Moreover, no signifi-

cant changes were found in concentrations and isotope composition of inert

gases in samples taken from different depths below the lunar surface.

4. A great deal of information on the intensity of low-energy solar and

galactic cosmic rays in interplanetary space was obtained from the equipment

installed in Venera-7 between August and December 1970.

Two large, complex shapes of increase in the intensity of solar cosmic

rays, and many small ones, were recorded during the four months.

The first of these began on November 5, and lasted for over ten days. The

nature of the change in the intensity, in the energy spectrum, and in the
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anisotropy is indicated by the systematic observation initially of diffusive,
and then of convective, motion of solar cosmic rays from the powerful flares

that occurred on November5, 1970.

The second, the largest increase, beganon December12, 1970. The Dec_n-
bet 13 proton intensity maximum,whenenergies of from 1 to 5 Mevwere recorded,
exceededthe backgroundlevel by a factor of approximately 5.105. This in-

crease in solar cosmic rays, and the Forbushdecrease in galactic cosmic rays
associated with it, was causedby the series of powerful flares that occurred
on DecemberI0 and II, 1970.

Thedecrease in the first big increase, and the entire secondincrease,

were recorded by the e_Lipmentinstalled on Lunokhod°l during the flight of
Luna-17 to the moon, and then on the lunar surface. Thus, betweenNovember
I0 and December15, 1970, streams of cosmic rays were recorded simultaneously
at two points in interplanetary space quite a distance apart (as muchas 6"107

km).

The values for the mean intensities of galactic and solar cosmic rays ob-

tained during the flight of Venerao7, made it possible to close the ll-year

variation in the intensity of galactic cosmic rays, the first reading of which

was obtained in 1959 (Lunaol) and to continue the study of the variation in

the intensity of solar cosmic rays that was begun in 1965 (Zond.3).

5. Kosmos-378 was orbited on Nov_iber 17, 1970. Its principal purpose

is to make a continuous, complex study of the ionosphere (and of its polar re-

gions in particular). The satellite has equipment for measuring all of the

most important characteristics of the ionosphere, such as concentrations of

electrons and ions, and their temperatures, using a variety of probing methods.

The satellite is also carrying two identical electrostatic analyzers with an-

gular patterns oriented in opposite directions with resolution of AE/E= 0.3,

and an angular resolution _ ±15 ° for studying streams of electrons with ener-

gies between 0.8 and I0 kev. Semiconductor and gas-discharge counters also

are carried to study streams of electrons with energies E > 40 key, and of pro-

tons with energy E_I Mev. A magnetometer is carried to establish orientation

of meters with respect to the magnetic field. Data obtained by the satellite

will be processed and compared with data from a great many ground geophysical

observatories making observations at the time the satellite is flying over the
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areas in which they are located. According to preliminary data, captured and

quasi-captured electrons with energies E> 40 kev have beenobserved at night
to L_ 8, and in the daytime to L_I0 to 12. Thegap betweenthe inner and

outer radiation belts is found at L = 3. Streamsof protons with E> 1 Mev,with
intensity 5 to I0 cm-2-ster-I at L from 15 to 38, have been observedat the

polar caps during perturbed periods. Numerousspectra and pitch distributions
of the streamsof electrons with energies between0.8 and I0 kev have been re-
corded. Thepitch distributions are sharply anisotropic, and often have two

maximanear pitch angles @= 0, and @= _/2. Electron streams flowing toward
the earth usually are noticeably more intensive than those flowing in the op-
posite direction. Rapid variations in the spectrumand intensity, often by
two orders of magnitude with characteristic times_ I second, are observed
systematically. In most cases, the energy spectrummaximumoccurs at E< I
key (according to preliminary data processing).

Figure 19 is an exampleof the data from measurementsmadeby Kosmos-378
on November18, 1970, during a magnetic storm of suddencommencementat 12h25m

UT. Figure 19 showsthe readings taken by one of the electrostatic analyzers

measuring flows of electrons with energies of from 0.8 to I0 key (averaged
every 3 seconds), by the semiconductorand gas-discharge counters measuring
the flows of electrons with energies E> 40 key, and of protons with energy EP

I Mev(averaged every 13 seconds), and by the spherical probe for measuring

the electrons of the ionospheric plasma, Te, by the high-frequency method
(averaged every 15 seconds). Thesedata cover the period between15h22m and
15h40m (K' = 4+) and were obtained approximately 3 hours after the commence-

P
ment of the magnetic storm.

As will be seen, intensive streams of electrons with E> 0.8 kev were re-

corded during the magnetic storm in the region L _ 3.5 to 6.9 on the night side
of the earth betweenlocal times 21h and 4.5h in the morning. Energy was in

-2 -I
excess of _ i0 to 20 erg-em -sec at individual times. There are distinct

boundaries to the region in which streams of electrons with energies < I0 key
were recorded and there is a dip in their intensity near local midnight. This
correlates well with the nature of the changein stremns of harder radiation,

as well as with the behavior of electron temperature, re, in the ionosphere.
All of these features were recorded in the readings of the secondelectrostatic

analyzer, andcomparisonof readings from both analyzers will makeit possible
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to evaluate the stream of electrons "reflected" by the'ionosphere, something

that varies greatly with pitch angle and time of observation. Note the I000

to 2000°K change in temperature recorded in the region of electron outpouring.

Kosmos-378 November 18, 1970
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Figure 19. Measurements made by the satellite Kosmos-378 on November 18,

1970.

1 - stream of electrons with energy 0.8 to I0 kevl 2 - stream

of electrons with energy E> 40 kev and of protons with energy Ep

>_ 1 Mevl 3 - stream of electrons of ionospheric plasma, T e.

To be noted as well is the correlation between T e and the streams of elec-

trons with energies E> 40 key.
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6. An experiment designed to record ONCh signals and noise was conducted

for the first time in the Soviet Union in 1970, using the artificial earth

satellite Interkosmos.3. The satellite carried an ANCh-I instrument .(frequency

range 0.5 to 15 kHz, sensitivity 10 -14 w/m2Hz), and a UHF-_4 transmitter for

relaying signals recorded by the satellite to receiving points. This experi-

ment was accompanied by a broad program of ground observations of like signals.

Scientists from Czechoslovakia, Bulgaria, and East Germar_ participated in the

experiment within the framework of the "Interkosmos" program.

The Interkosmos 3 observations lasted for four months (from August 7 to

Dec_nber 6). Some of the important features already can be pointed outs

(a) because of the ellipticity of the orbit, the height of the satellite

above the reception points twice changed from 200 to I00 km; that is, the satel-

lite delivered information on the nature of signals at different heights at

different periods of its existence;

(b) the signals received have certain distinguishing features never before

described (quasi-periodically modulated whistling atmospherics, for example,

as well as others);

(c) a great many signals occurring as a result of the reaction between

the primary electromagnetic wave and the surrounding plasma were recorded.

7. Kosmos-321 was assigned an experiment under the World Magnetic Survey

program. The satellite carried a quantum cesium magnetometer to measure the

scalar magnitude of the geomagnetic field. Information was obtained for 94

percent of the earth's surface, making possible the compilation of a map of

the secular variation in the geomagnetic field for the period 1964-1970. These

same data will be used to obtain a new mathematical model of the geomagnetic

field for the 1970 period.

Information on the March 9, 1970, storm was obtained for three successive

revolutions of the satellite. These data are being used to study the geometry,

and the dynamics, of the oval from all of the on-board and ground data.

8. Kosmos-381 was launched on December 2, 1970. The ionosphere probe

carried by the satellite is to probe the ionosphere at 20 frequencies in the

band from 1 to 16.9 MHz. Equipment for observations of low-frequency radia-

tions will permit studying oscillations between 0.5 and 15 kHz. A number of

*TranslatorJs Note: ONCh = very low frequency (VLF).
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meters will record the sun's electromagnetic radiation between i and 1500 _,

and streams of high-energy particles (protons with energies in the tens of

Mev, and electrons with energies greater than i00 key).

The satellite also is carrying a high-frequency impedance probe operating

at a frequency f = 3 MHz, the purpose of which is to measure electron concen-

tration, and its heterogeneity. The probe's sensor is a 90°cm-long metal whip.

This probe will measure the electron concentration in the ionosphere, N, from

103 to 6.104 e/cm 3, and its heterogeneity, AN, from I0 to 1400 e/cm 3 with di-

mensions from 0.7 to 150 km. Preliminary results of processing measurements

from several transits of the satellite have revealed that the heterogeneity of

the electron concentration has a broad spectrum, from I to 150 km. The inten-

sity of the relative fluctuations in the electron concentration, AN/N, in the

ionosphere at 1,000 kilometers varies greatly, from 5"10 -4 to I0 -I. Still,

the mean electron concentration for the ionosphere is between 4.103 to 4"104

e/cm 3 for all transits. Fluctuations in the electron concentration are most

intense in the polar latitudes (74 ° to 60°N), weakest between 60 ° and 50°N,

and once again intensify between 50 ° and 40°N. Heterogeneities with dimen-

sions of 200 km and more, with relative fluctuations in electron concentration

equal to several tens of percent are found.

9. A number of new conclusions were reached in 1970, from the data ob-

tained from a complex experiment designed to investigate the auroral effects

in the upper atmosphere by coordinating the measurements made by Kosmos,261 and

ground geophysical observatories in the Soviet Union, Bulgaria, Hungary, East

Germany, Poland, Rumania, and Czechoslovakia, during the period 1968-1969, as

part of the In_erkosmos program.

A. The energy spectra, and the distribution in telms of pitch angle,

of super-thermal electrons in the energy region between 30 and 150 ev in the

upper atmosphere, of photoelectrons in the ionosphere illuminated by solar

ultraviolet radiation, and of auroral electrons in the near-polar and polar

latitudes, were measured. The spectrum of ionospheric photoelect_rons is close

to that calculated theoretically. The pitch distribution is almost isotropic,

and is indicative of free transition of photoelectrons with the energies indi-

cated from one hemisphere to the other along the magnetic field force tubes.

The auroral electrons with energies _ I00 ev above tile polar caps

have a pitch distribution with a predominant longitudinal component. Their
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intensities abovethe summer (illuminated by the sun) polar cap are approxi-

mately twice those above the winter cap. Energy spectra are not constant. Two
maxima, one in the several tens of electron-volt range, and one in the several

hundreds of electron-volt range, often can be observed. The data obtained for

low-energy auroral electrons are in concordance with available data from opti-

cal ground measurements of the glow of the auroras at the polar caps. Deep

minima in the intensity of low-energy electrons have been found within a radius

of about 1,000 km in the near-polar region of the south and north polar caps.

B. Measurements of auroral electrons in the 1 to 150 key range (eight

energy ranges) revealed that the pitch distribution of the electrons in the back-

ground (the so-called "mantle") glow of the auroras after midnight can be char-

acterizedz

(a) by isotropy in the lower hemisphere, and by "reflection" of elec-

trons from the atmosphere only as a result of coulomb scattering, for the range

from 1 to 50 kev;

(b) by a constant transition to a quasi-captured pitch distribution

by virtue of increase in energy to _ I00 key, with pitch distributions for ener-

gies _ I00 key having a clearly expressed cone of losses. These data can be

used to evaluate the pitch angle diffusion coefficient in terms of energy. This

is of importance in analyzing the mechanism of this diffusion in the magneto-

sphere during polar substorm phenomena.

The disappearance of electrons with energies _ 15 key at the polar caps

(inside the ovals of the auroras), and the simultaneous increase in the inten-

sity of electrons with energies _ 1 key and less, corresponding to the recently

detected "soft zone" of the auroras, have been confirmed.

C. Measurements of auroral protons and ions in the 40 ev to 9 Mev

energy range (eleven energy ranges) revealed that the pitch distribution of the

auroral particles usually has a maximum near 8 = 90 ° (and near 70 ° for lower

energies). These are quasi-captured particles, therefore, although there are,

in addition to this larger-scale component, small-scale intrusions with almost

isotropic, or even longitudinal pitch angle distributions. The unavailability

of information on effective cross-sections of the excitation of emission from

Balmar lines upon intrusion of protons into the atmosphere precludes the making

of an unequivocal interpretation of the data from ground measurements of the

3O
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emission from hydrogen in the auroras in view of the measurements of the dis-

tributions of intrusive auroral protons (ions) obtained.

The conception of the development of a magnetic substorm was proposed,

the basis being the picture of primaly auroral particle distributions obtained,

together with new data in the literature concerning the processes taking place

in the outer magnetosphere and in the solar wind during substorms in 1970.

Briefly, this conception is as followss

(a) a higher energy component (protons _ I0 key) appears in the solar

wind (mean proton energy _ I key);

(b) these particles can penetrate the magnetosphere in the so-called

"plasma layer," on the evening and befor_midnight side of the magnetosphere;

(c) these protons and ions with E _ 5 to 20 key have "resonance"

properties in the earth magnetosphere, because the rate of their gradient drift

in the magnetic field of the L-shells of the auroras is equal in magnitude, ap-

proximately, and opposite insign to the rate of their electric drift attribut-

able to the diurnal rotation of the magnetosphere plasma with the earth such

that these particles, when in a nonrotating system of coordinates (fixed with

respect to the direction of the solar wind), always will be on the night side

of the magnetosphere and their motion will be determined solely by the asymmetry

of the magnetic field and by the electric fields in the magnetosphere;

(d) as a result of the particles losing energy (in particular, by the

Joule dissipation from the electric fields of polarization occurring in the

lower lying ionosphere), the resonant particles are capable of accumulating in

the potential wells that occur on the night side of the magnetosphere, creating

clouds of quasi-captured hot protons and ions with energies of about I0 kev;

(e) the appearance of azimuthal asymmetry of the quasi-captured protons

(this corresponds to asymmetry of the ring current)causes the appearance of an

electric field on these L-shells that takes in the entire magnetosphere at

local time, and this, in turn, changes the character of the drift of all the

cold and energy-captured particles in these regions of the magnetosphere;

(f) it can be assumed that the accumulation of particles continues

until the achievement of some threshold, after which the-re is some as yet un-

identified instability, such as a "magnetospheric explosion' or "magnetospheric
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substorm". As a result of the appearanceof large, fluctuating, induced elec-
tric fields, there is, at this time, a considerable acceleration of the part-

icles in the magnetosphere, and a sharp increase in the stream of particles

in the cone of losses, corresponding to the flare of the auroras;

(g) the process of generation of a substorm can be repeated in the

event of continuing "pumping" of the magnetosphere by resonant particles from

the solar wind.

The different aspects of the conception suggested here are now being com-

pared with experimental data in order to verify it.

I0. The second complex experiment (Kosmos.348) under the Interkosmos pro-

gram was conducted in the summer of 1970. The sensitivity of many of the in-

struments carried by the satellite was increased, and some additional improve-

ments were made (ion temperature in the ionosphere was measured, in particular),

but in the main the content of the experiment was the same as before in order

to be able to compare these data with those from the winter experiment (Kosmos.

261).

Detailed measurement of the energy spect_um of photoelectrons can be men-

tioned as being among the first results obtained (sensitivity was increased by

more than an order of magnitude compared with the first experiment). Concordance

with tee theoretical calculations was better, but additional effects were found.

Measurements of the shift in the photoelectron spectrum measured, in terms of

energy of particles passing along the force tube from the adjacent ionosphere,

and comparison with the spectra of p_rticles originating in the ionosphere near

the satellite, established that the difference in potentials between adjacent

regions of the ionosphere is not in excess of I0 volts, which corresponds to

an intensity of the longitudinal electric field of 10 -8 volts per centimeter.

II. The oriented satellite Kosmos-320 was used in January 1970, in an

experiment designed to measure the t_,perature and density of the upper atmos-

phere. The temperature of the nitrogen molecules was measured. The value of

the density near the perigee corresponds to the density determined as a result

of the braking of the satellite. Results are in the processing and analysis

stage.

12. Observations of the coherent "Maya_' radio sets carried by Kosmos.321

and Interkosmos 2 by a widespread network of ground stations (eleven in the USSR,
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and seven in the socialist countries) were made in 1970. The first processing

of the recordings obtained is complete, and catalogues of orbital data have

been calculated' Preliminary results of the scientific analysis of these ob-

servations were contained in the report to the international seminar held at

the IZMIRAN [Institute of Terrestrial Magnetism, the Ionosphere and Radio Wave

Propagation of the Academy of Sciences of the USSB] between November 9 and 14,

1970, as part of the Interkosmos program. The seminar also was given a detailed

report, including a discussiou of the procedure used to investigate the iono-

sphere by using coherent radio waves emitted by artificial earth satellites.

13. A series of high-altitude, drifting balloons carrying equipment for

investigating X-ray bremsstrahlung in the subauroral region (project Omega I)

were launched between January 25 and March I0, 1970, in Arkhangel'sk Oblast',

continuing the series of Franco-Soviet experiments to study the phenomena in

the magnetically adjacent reg_ons_ Kerguele_-Arkhangel'sk Oblast'. The chief

purpose of the 1970 balloon lauDches was to prepare for the concluding stage of

the complex expeT"iment involving the simultaneous launching in the magnetically

adjacent regions of balloons carz_ing identical equipment in combination with a

broad program of ground investigations (ionosphere, geomagnetism, very lo_-

frequency radiation, auroras, absorption of cosmic radio radiation, and the like)

as part of the preparations for project Omega 2, planned for January-February

1971. The feasibility of making a short-te_m forecast of periods of magneto-

sphere perturbations was verified, win_ conditions in adjacent regions were

studied, and other investigations were made during the 1970 canpaign.

The last of this particular series of balloon launches was completed suc-

cessfully during the period when the widely known storm of March 8, 1970, was

in its development period (apparently the most intensive stoz_n during the cur-

rent cycle of solar activity). Detailed analysis of solar and geophysical data

conventionally fu_%ished the Mosco_ Regional Warning Center (I_MIRAN), as well

as analysis of operational information on the geophysical situation on the Kola

Peninsula, and in Arkhangel'sk Oblast', provided by the Polar Geophysical In-

stitute (Apatity, Murmansk Oblast') and by the Arkhangel'sk Magnetic and Iono-

spheric Observatory, made it possible to forecast the onset of the most per-

turbed period (although the intensity of the perturbation exceeded all expec-

tations) and to make timely recoF_endations with respect to launching the

balloons.
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14. The high-altitude balloons measured electrons in the energy range from

I00 to 1500 Mev at great heights in the atmosphere in positions with geomag-

netic latitudes of 46°, 49° , and 58° N. Unusually heavy losses of electrons

were recorded on days when magnetic substo_ns were observed at depths less than

50 g/cm 2 of residual atmosphere. The total general planetary index of magnetic

activity for the day was _Kp = 18 to 23, and its change, as compared with the

preceding quiet day, was A_K = I0 to 13. Figure 20 shows the results of measure-
P

ments at latitude 46°N, and it will be seen that at the time the two measure-

ments were made (June 14, 1967, and October 27, 1967) the electron flux levels

were in excess of those recorded at identical heights on other days by a factor

of from 2to 3. The additional electron flux occurring at the boundary of the

atmosphere had a magnitude of _ 0.I (cm2-sec-ster) -I at the beginning of the

substo_m, but then diminished with time in accordance with a law close to ex-

ponential, diminishing by a factor of approximately 2 during the day. Figure

21 presents the experimental results obtained at different latitudes, indicat-

ing the change that takes place with time, as read from the beginning of the

corresponding substorm, in the integral level (a), and in the index for the

differential energy spectrum (b) for the additional electron flux. There is

a hint of the connection between the additional electron flux and the auroral

phenomena. It is possible that the recorded electrons occur, just as do the

electrons causing the auroral phenomena, during acceleration in the magneto-

sphere, and are the high-energy part of the accelerated electrons penetrating

to the middle latitudes. This assumption is in need of further experimental

verification.

15. Three geophysical rockets of the Academy of Sciences of the USSR

were launched to heights of approximately 500 km on April 27, May 16, and

October 3, 1970. The scientific experiments conducted during these launches

included measurements of electron concentration, ne, using dispersed ultrashort

waves from a radiointerferometer operating at frequencies of 48 and 144 MHz.

A flat Langmuir probe, and the absorption of ultraviolet radiation from the

sun, as determined by photoelectron analyzers, were the means used to make

simultaneous measurements of electron concentration, ne, and temperature, Te.

All measurements were made in the morning in the middle latitudes of the

European part of the USSR.

The measurements resulting from the use of the dispersion methods provided

ne(h) profiles. The USSR used a dispersion radiointerferometer in 1958, to
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makerocket measurementsof ne. It is convenient to use Lhe n (b) distribu-e
tions obtained by the samemethodin the s_n]ecegion to make comparisons, and

these distributions can be used to study changes that occur in the paramete_¢s

of the ionosphere in terms of the phase of the cycle of solar activi[y.

The simultaneous measurement of the absorption of ul_raviolet radiation

and the concentrations, ne, and temperatures, Te, of so].aL" electrons provides

the means for estimatin_ the parEuneters of the neutral and ionized components

of the upper atmosphere and the con:_tant for the main processes taking place

in the upper atmosphere (ion foznnatio_ rates, the recombination factor, and

others).

Figure 22 is an example of an ne(h ) progile constructed using data meas-

ured along the descending section of the trajectory of the rocket launched the

morning of October 3, 1970 (sun about 8 ° above the horizon). The rocket reached /41

a maxim,mr (_",h_ight of 480 kin. The circles show the results of the Langmuir probe

measur_nents.

Figure 22.
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The n (h) profile construeted from data measured on the descend-

ln_ sectzon of the trajectory of the rocket launched on October
3, 1970.
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The photoelectron analyzers installed in the rockets measuredphotoelec-
tron emissions from the surface of the metal as a result of the ultraviolet

radiation from the sun. Preliminary results of measur_nent processing reveal

that the density of the total photocurrent at a height of 480 km was _ 4.5.10 -9

a/cm 2 on October 3, 1970.

16. The widespread use of ground equipment for investigating deep space

around the earth, as well as theoretical investigations based on the data ob-

tained from space vehicles, continued in 1970.

A. The materials from the Explorer 12 mission yielded individual quan-

titative dependencies of the geocentric distances to the subsolar point of the

magnetosphere boundary on the intensity of the ring current DR (Dst index), on

the intensity of the polar electron jets DP (indices AU, AL, Q) at the time

the satellite intersects the boundary of the magnetosphere, as well as on the

three-hour index K . Intensification of DR moves the boundary of the magneto-
P

sphere away from the earth, and intensification of DP moves it toward the earth.

It has been shown that ground observations of the position of the oval of

auroras on the day side of the earth when using existing model representations

of the geometry of the magnetic field in the magnetosphere provide for esti-

mating the geocentric distance of the subpolar points. It was found that the

dynamic pressure of the solar wind at the boundary of the magnetosphere was

P = mnv 2 when K _ 2, and P = 0.8 mnv 2 when K > 2.
p _ P

B. The data from the four satellites, IMP I through 4, and utilization

of a modified double-dipole model of the magnetosphere, established the depend-

ence of the invariant latitude 6' of the near noon boundary of the magneto-

sphere on the orientation of the axis of the geomagnetic dipole relative to

the plane of the ecliptic. The concordance between changes in _', obtained

with the help of the model and observed in other geophysical phen_nena, indi-

cate the legitimacy of using this particular model to analyze the experimental

data for various angles of inclination of the axis of the dipole relative to

the plane of the ecliptic.

C. A planetary scheme has been derived for the _evelopment of an auroral

substorm, in which, in addition to the dynamics of the auroras in the phase

of development and recuperation, there is included the changes that occur in

the auroras during the phase when the substorm originates. These changes are
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closely associated with the processes in the plasma layer of the tail of the

magnetosphere, as analysis of changes in the tail has revealed.

D. The results of the measurements made of ring current protons on Sep-

tember 8, 1966, by the satellite OGO-3 were compared with changes in the mag-

netic field at low- and high-latitude observatories. It has been shown that

there is a depression in the magnetic field at low-latitude stations in the

evening and day sectors between 3h and 4h UT, and that this depression is as-

sociated with the appearance of L = 4 to 6 ring current protons in the evening

sector. Intense polar magnetic disturbances can develop in the high latitudes

at this time. Absence of protons in the day sector between 6 h and 7h UT re-

fleets the time variations in particle intensity as a result of substorm

abatement.

E. The development of the pol_r magnetic disturbance of December 24,

1966, was analyzed. It was found that the DP development is associated with

the increase in particle flux in the night magnetosphere (ATS-I data), and with

the depression in the magnetic field at the satellite and at low-latitude ob-

servatories. What is very nearly a single-vortex current structure is observed

during intensification of the western currents (maximum for the depression in

the low latitudes), and a two-vortex one is observed upon their attenuation.

The eastern and western electron jets develop independent of each other and

evidently are different in nature. The displacement to the west of the posi-

tive DP maximum in the aurora zone, as well as the magnetic field depression

peak in the low latitudes, indicate that both of these effects are attributable

to the longitudinal drift of protons with energies of _ 50 to I00 kev.

F. A space-time relationship method was proposed in order to separate

the high-speed shock waves of the solar wind from the tangential discontinui-

ties under conditions when experimental data contain no information on elec-

tron temperature at the discontinuities. The application of this method to

the measurements revealed that discontinuities ordinarily interpreted as being

shock waves will contain _ 50% tangential discontinuities when there is an

increase in flow rate in the magnetic field, or in the concentration and pro-

ton temperature.

Direct measurements have shown that the direction of propagation of inter-

planetary shock waves near the earth depend significantly on the coordinates of
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the corresponding powerful chromospheric eruptions (discovered, in particular,
was the fact that the fronts of the shock wavesinclined to the ecliptic are

parallel to the corresponding radius vectors passing through the center of
the sun and the eruption). Propagation of the wavesin space deviates greatly

from spherically and axially symmetrical propagation.

Direct measurementsmadein the solar wind and by the worldwide network

of magnetic stations provided the fact that the effect of the rotational dis-
continuity of October 28, 1967, consisted of the suddenonset of a magneto-
spheric storm with an extremely unsteady initial phase (with a characteristic
time of _ 40 minutes). At the sametime, it was shownthat the brief event of
the effect of the front of the discontinuity on the head of the magnetosphere

can lead to a very muchlonger process of establishing a new, steady-state
condition in the magnetosphere(than is assumedin contemporary theoretica_

schemes). Argumentsin favor of the fact that this process is the result of
the developmentand dampingof the electron cyclotron instability of the ex-
ternal radiation zone were advanced.

G. Further confirmation of the IZMIRANconclusions that the most geo-

effective parameter of the solar wind leading to magnetosphericstorms is the

southern componentof the interplanetary magnetic field, Fs, and its associated L44
characteristics, the eastern componentof the electric field of the solar wind,

EE _ FsV, and the recombination rate for the interplanetary and geomagnetic
fields, proportional to _F2(l_bsin _)2/_lq- (where n is the concentration,

and = is the angle betweenv and F), wasobtained by using as an examplethe
simultaneous measurementsmadein the solar wind and on the ground between

July 5 and 12, 1966. Derived was the fact that the available data from the
simultaneous observations point to a substantial correlation between the vari-
ations in these characteristics and the indices of magnetosphericperturbabil-

ity, with a factor of _ 0.75 to 0.85.

Data from simultaneous observations in the solar wind, and in the magneto-

sphere showthat the variation in the southern componentof the magnetic field

and the eastern component of the electric field of the solar wind are anticor-

related with the energy density of the electrons in the plasma layer of the

tail of the magnetosphere and the fluxes, _, of high-energy electrons (> 35 kev)

in the zone of unstable radiation. Variations in the fluxes of the recombining
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interplanetary and geomagneticfields correlate with variations in T in the

external radiation zone (at the levels of the most intense changes in T).

H. Analysis of the relation between variations _n the geomagnetic field on

the earth's surface and in the high latitudes with sector structure and the inter-

planetary magnetic field, and a comparison of the results thus obtained with the

conclusions of certain theoretical papers on the interactions of solar plasma

with the earth's magnetic field, led to the conclusion that the penetration of

the solar plasma into the magnetosphere near the neutral points on the day side

is pulsing in nature.

I. It was established that the development of an auroral substorm will take

place during the conception phase, in addition to the k_1own developmental and re-

covel_ phases. Characteristic features of the course of a substozm in this phase

were recognized in the circumpolar region, and along the oval of auroras. A

general planetary scheme for all three phases of substorm development was con-

structed. Unifying investigation of space-time variations for a series of emis-

sions from the upper atmosphere over the duration of the solar activity cycle

was conducted. The general planetary emission energy release in the upper at-

mosphere during the period of geomagnetic perturbations for an intensity of ra-

diation by hydroxyl and atomic oxygen at a wavelength of 6300 _ was estimated.

J. New data on photochemical processes at various levels in the ionosphere

were obtained in the field of ionospheric research, thus posing the reverse prob-

lem of the behavior of the neutral components on the basis of data on ion compo-

sition. Information on changes in ion formation rates at various heights during

the day, during the solar cycle, and with respect to the latitude , was obtained.

Some of the work was devoted to the development of special algorithms and to

solving the ionization balance equation, the motion and conservation of energy

equations, and to other questions. Research on the outer limits and the heat

balance of the ionosphere, the beginning of which was laid down as a result of

the observations made by Soviet space vehicles between 1959 and 1964, continued.

Height profiles of ion concentrations and ion temperature in the upper F region

were investigated. Meteorological rockets were used to determine the electron

concentration in the D region, Direct measurements were used to construct quali-

tative models of perturbations in the P region, The connections between iono-

spheric perturbations and geomagnetic perturbations and the condition of the

magnetosphere were studied, An E s profile that considered all the basic proces-

ses was obtained, An E layer theory based on the connection between E and wind
s s

shifts was developed,
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III. Investigations of l_nysics of the Upper Atmosphere and Meteorological

I. The experimental operation of Meteor, the meteorological space sys-

tem, continued in the Soviet Union in 1970.

Four successive Meteor meteorological satellites were placed in orbit in

1970, in order to ensure the receipt of the meteorological information needed

for operational weather service use.

The scientific equipment installed in the Meteor satellites was identical

with that installed in the Meteor satellites launched in 1969.

The information supplied by the Meteor satellites was processed in opera-

tion sequence and transmitted to the operational organs of the Hydrometeorol-

ogical Service of the USSR, and to foreign countries in the forms indicated

in the National Report of the USSR to the _III Session of COSPAR in 1970,

for practical use in analyzing and forecasting weather, and for scientific

research.

The following principal results were achieved during the investigations.

The possibility, in principle, of solving problems of automatic recogni-

tion of clouds on photographs of the earth from an artificial earth satellite

was pointed out, and programs were written for electronic computers solving

this problem as applicable to Mettor infrared photographs.

A scheme for making an objective analysis of the geopotential field at

the 500 mb level, with data on cloud cover obtained from the satellite taken

into consideration, was developed. This scheme made possible a significant

improvement in the quality of the analysis made of the geopotential at the

500 mb level over regions with a sparse network of aerological stations (the

absolute error over the North Atlantic was 2 to 3 decameters). Use of this

refined analysis improved the quality of the forecast in a number of cases.

The effectiveness of the use of satellite data on cloud cover in an ob-

jective analysis of the wind field at earth levels of 850, 700, 500, and 300

mb, was evaluated, and showed that in regions with sparse networks of aerologi-

cal stations the use of satellite information significantly improves the quality

of the analysis made of the wind field.
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Previously developed schemes for an objective analysis of the field of

isobaric tendencies were the basis for the development of a scheme for making

an objective analysis of the dewpoint deficit field, with the inclusion of

observations of cloud cover made by the satellite. Consideration of the first

examples indicates that the use of data on cloud cover from satellites for

making an analysis of the humidity field in regions with a sparse network of

weather stations has promise.

Recommendations for the use of cloud cover data in synoptic analysis and

weather forecasting were made on the basis of theoretical and empirical in-

vestigations.

A scheme for determining the upper limit of clouds was prepared, tested

under operational conditions, and forwarded for introduction. The scheme can

be used during the operational processing of measurements made by the Meteor

satellites.

Models of cellular convections in flow with vertical shift in the wind,

and in the presence of vortex motion, providing a qualitative explanation of

the mechanism involved in the formation of open and closed cloud cells, as well

as the cloud banks observed from satellites, have been developed using the ap-

proximate solution of nonlinear equations of hydrodynamics as the base.

A scheme for a short-term (up to three days) forecast of the geopotential

and the wind at six levels for a good part of the northern hemisphere, with

the radiation heat flux taken into consideration, has been developed, and the

preliminary calculations in terms of the adiabatic variant of this scheme have

shown that the success of the foreeasts thus made are entirely satisfactory.

The experiments have shown that the radiation heat flux has a noticeable

effect on change in the geopotential at various levels (to 4 to 7 decameters

in three days).

Data on the statistical structure and the geographic distribution of in-

tegral long-wave radiation have been obtained by Meteor satellites.

A method for determining the temperature of the ocean surface, the total

moisture in the atmosphere and the water in clouds, was developed from data

measured in the microwave section of the spectrum (wavelengths 8.5, 1o35, and

0.8 cm, and 1.6 mm).
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Theresults of radiometric measurementsby Kosmos-243have been analyzed,

and preliminary recommendationsfor the use of these data in synoptic analysis
have been forwarded.

Investigations of the possibility of indirect sounding of the atmosphere
by using the measurementsmade by satellites of radiation field characteristics

have been made. The present status of the theory of solving inverse problems

of atmospheric optics has been analyzed, and consistent methods for use in

solving them have been proposed. Voluminous numerical experiments have been

carried out to ascertain the possibilities of accuracy in the reconstruction

of the temperature profile in the earth's atmosphere.

Data from real satellite measurements of radiation in the 15-micron CO 2

band have been interpreted, and vertical profiles of temperature accurate

within 2 ° to 3 ° have been obtained.

The possibilities of reconstructing the humidity profile in the earth's

atmosphere have been studied.

Calculations have been made to detemine the optimal conditions for measure-

ments in the problem of thermal sounding of the atmosphere.

2. The satellites Kosmos-320 and Kosmos°384 were used to continue the

investigations begun by Kosmos.149 and Kosmos-243 of the earth's surface, at-

mosphere, and cloud cover from measurements of the solar radiation in the

visible and near infrared regions of the spectra, as well as in the far in-

frared and radio bands, reflected from the earth. Narrow-angled telephoto-

meters and radiometers, the sensitivity of which could be monitored in flight,

were installed in Kosmos-320 to determine the height of the cloud cover, h,

by making simultaneous measurements of reflected solar radiation in the 0.76

micron oxygen band and natural radiation from the clouds in the 10.5 to 11.5

micron "transmission windoW' (the root-mean-square error in determining h was

about 1 _n). Based on these measurements, and under cloudless conditions, the

temperature of the ocean surface was determined with a root-mean-square error

of about 2°. Kosmos-320 also measured the earth's integral radiation flux,

and the reflected solar radiation.

Synchronized measurements in the infrared and radio bands by Kosmos 384

established temperature and surface conditions, as well as cloud cover para-

meters.
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_. Theresults of a comprehensivecomplexof SHFradiometric measurements
were the basis for calculations ensuring the selection of the optimal paramet-

ers for SHFscanning radiometers designed to determine ice zones and regions
of rainfall from the satellite.

Correspondingcalculations were made for various sighting angles for a

water surface, and for dry and wet ground (Figure 23, a, b). The 8.mm band

was shown to be the most advantageous for solving these problems, considering

the need to obtain high angular resolution.

Measurements of the characteristics of infrared radiation in the 8 to 12

micron band by precision radiometric equipment showed that the role of the

aerosol evidently is minor in a cloudless atmosphere. This follows from the

fact that the results of the calculations for the descending radiation fluxes,

made without the aerosol taken into consideration, and the data from the ex-

periments are in good concordance.

Extensive experimental data on the coefficient of blackness, Y, of the

clouds in the upper ( Y= 0.05 to 0.38) and middle (y = 0.45 to 0.85) layers

were used to evaluate the accuracy with which the temperatures of the under-

lying surface in the 8 to 12 micron band are measured when the corresponding

forms of cloud cover are present.

4. The ion composition of the atmosphere was investigated in 1970 at

heights greater than I00 km in the middle latitudes and on Hayes Island (Franz

Josef Land) using radio-frequency mass spectrometers installed in MR-12 rockets.

A wide spectrum of ionS, H+, N+, NH+, O+, Oh"+ , O_, O_, h_2, HN+2, NO+, HNO+, O+2,

and others was obtained. A very sharp change, by more than one order of magni-

tude, in the concentration of basic ions under comparatively quiet geomagnetic

conditions was recorded in the polar region as compared with that observed in

the middle latitudes. No significant changes in spectral composition of the

ions was found, however.

Electron concentrations, and the electron temperature in the ionosphere

at heights up to 170 km, were investigated by a cylindrical Langmuir probe and

an impedance probe. Rockets were launched in the middle latitudes in the sum-

mer of 1970, when the sun's zenith angles were between 90 ° and 100 ° . It was

found that at zenith angles near i00 ° the electron temperature is close to that

of a neutral gas at heights greater than 140 km. At lesser heights the electron
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temperature, Te, is significantly higher than the neutral gas temperature, Tn,
with the difference Te - Tn changing from day to day. This points to the need

for the existence in this particular region of the ionosphere of certain addi-

tional electron heating sources of variable intensity. Height profiles of

electron concentration also were obtained when E s layers were present in the

ionosphere. One experiment recorded a sporadic E layer, the maximL_ electron

concentration in which was in excess of the background concentration by a

factor of approximately I000.

Artificially illuminated clouds were used in 1970, to continue the study

of the physical characteristics of the upper atmosphere. MR-12 rockets carry-

ing containers of various reagents to form artificially illuminated clouds were

launched from Hayes Island in February-March 1970. The work was carried out

under the terms of the agreement on Franco-Soviet scientific cooperation. The

purpose was to study temperatures, winds, and diffusion in the upper atmosphere

in the polar region. Soviet and French experts measured the temperature from

the absorption of resonant radiation from sodium. These measurements were made

on the ground and the results confirmed the conclusions arrived at after the

1967-1969 experiments involving the presence of a seasonal effect and sporadic

variations in temperature. The lower thermosphere was not as hot in 1970, as

it was in 1969. Preliminary data on temperatures was reported to the XIII

Session of COSPAR in 1970, by French and Soviet experts. The basic conclu-

sions on wind and diffusion are as follows. Winds were not as strong at heights

up to 164 km during the period indicated. There were but two cases of veloci-

ties slightly in excess of I00 m/s. Velocities were less in all the other

cases. Velocities of 150, 200, and even 300 m/s, had been recorded in previous

years. In 1968, for example, there had been unusually rapid wind velocity

changes within 24-hour periods.

The diffusion coefficients obtained by processing the photography of the

artificially illuminated clouds were in general concordance with other results.

They were, however, systematically higher than standard values at heights of

about 170 km.

Two MR-12 rockets were launched in the middle latitudes in the summer of

1970, to verify experimentally the theory of the formation of the E s layer. The

noses of the rockets contained instrumentation for measuring electron concentra-

tion and electron temperature as well as a container of the material for forming
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the long, artifially illuminated trace. Other observation equipment, a

meteor radar in particular, for investigating winds in the meteor zone, was
used simultaneously. The materials are under study at this time.

Figure 23. Radio brightness temperature contrast for clouds and preci-

pitation at wavelengths of 0.4, 0.8, 1.35_ and 1.6 cm.

a - various cloud forms

I - water surface; II - wet ground; III- dry ground.
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Figure 23. Radio brightness temperature contrast for clouds and preci-

pitation at wavelengths of 0.4, 0.8, 1.35, and 1.6 em

b - precipitation from 0.I to 50 mm/hour

I - water surface; II - wet ground; III - dry ground.

The meteor method of investigating winds at heights of about I00 km has

been systematically used for many years. Regular observations were made by

Molodezhnaya Station in Antarctica, in the Moscow area, and on Hayes Island,

in 1970. Analysis of the materials obtained shows that at heights of about

I00 km, the zonal wind direction is eastward in both hemispheres for the greatez

part of the year. A wind reversal is observed in the fall-spring changeover

periods. Zonal circulation is more intense in the southern than in the northerr

hemisphere. The general tendency of the direction of the meridional components
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of the wind is to be from the summerhemisphereto the winter. Thevelocity
of meridional flows in both hemispheresis muchlower than the velocity of the
zonal flows for the overwhelmingmajority of monthsduring the year. Figure 24
showsthe data on zonal and meridional winds for HayesIsland, Molodezhnaya
Station, and the Moscowarea. Data obtained in Adelaide in 1952-1954are in-

cluded in the figure for purposes of comparison.

The tidal circulation in the southern hemisphereis a mirror image of the
tidal winds in the northern hemisphere. The seasonal pattern of amplitudes of
semidiurnal wind harmonics in the high and middle latitudes has manysimilar
features in both hemispheres.

A good deal of work, laboratory as well as theoretical, wasdone in 1970,
including someon the theory of the motion of meteorite particles in the earth's
atmosphereand in deepspace.
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5. Proposals for a newmodel of the ICA0 Standard Atmosphere were de-

veloped.

Observations of the movements of the Kosmos series of artificial earth

sstellites were processed during the period 1964-1970 to determine the density

of the upper atmosphere at heights between 160 and 300 km.

Comparison of the results obtained with data from the CIKA-65 and the Yak-

kia 1970 models yielded satisfactory coincidence of height profiles of night

density and its diurnal variations with the Yakkia model (the relative devia-

tion does not exceed i0 to 15 percent, as a rule). Differences were more sig-

nificant in the case of the CIRA-65 model, where the deviations were from 25

to 30 percent for the period of high solar activity.

Analysis of semiannual variations in atmospheric density showed a signifi-

cant difference from data from the CIRA-65 and Yakkia 1970 models. A noticeable

change in the amplitude of the semiannual variations for the included time in-

terval was obtained. This change does not correspond to the ll-year cycle of

solar activity, or to the data from the models indicated above.

Longitude variations in the thermoba_ic field were obtained fr_n mean charts

of baric topography for high levels in the northern hemisphere. It was found

that maximum variations in mid-winter were commensurate with seasonal variations

at the level of the 2 mb surface. Longitude differences are associated with the

development of the Aleutian anticyclone in the stratosphere, and with the dis-

placement of the circumpolar cyclone, and show a noticeable decrease in the

lower mesosphere.

Circulation patterns in the high layers of the atmosphere have been ob-

tained. The summer circumpolar anticyclonic vortex, like the winter cyclonic

vortex, is a stratomesosphere baric formation. The winter anticyclones on the

periphery of the circumpolar cyclonic vortex are bounded from above by the 2 to

4 mb surfaces, and are stratosphere formations, for the most part.

An analysis was made of circulation on a global scale, and what follows is

that the summer anticyclonic circulation is practically identical in both hemi-

spheres. The winter circulation in the southern hemisphere is not as turbulent

because of the characteristics of the underlying surface in this hemisphere.

A round of special rocket measurements of some of the characteristics of

the upper atmosphere was made with M-IO0 rockets fired to I00 km, and MR-12
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rockets fired to 170 to 180 km, in addition to the synoptic analysis of the
data from the standard rocket probing.

Specifically, some50 M-100rockets carrying corpuscular stream sensors

were launchedfrom the high-latitude rocket probe station on HayesIsland.
Data on the nature and scale of the time variations in the intensity of cor-

puscular radiation at heights between 80 and I00 km were obtained.

MR-12 rockets, instrumented for measuring the thermodynamic parameters of

the upper atmosphere, were launched from Hayes Island and point "Volgograd" in

1970. Data on the vertical distribution of temperature and density were ob-

tained.

Data on temperature between 80 and 115 km are the most interesting. Here

the temperature stratification has several maxima and minima, with change in

maximum and minimum temperature levels in terms of time taking place out of

phase. Of interest as well is the fact that the temperature of the lower ther-

mosphere in the high latitudes is well below that in the middle latitudes.

These latter data also are confirmed by the results obtained from the "omegatron"

mass spectrometer and the radio-frequency mass spectrometer.

Rockets carrying multigrid Langmuir probes and radiation flow sensors for
O

the 5577 A region were launched at '_olgograd" during sunrise. This provided

information on the distribution of ion concentrations and temperatures between

II0 and 160 km, as well as data on the flow of scattered solar radiation (zenith

angle of the sun _ 90 ° ) between 60 and 90 km.

Hayes Island and "Volgograd" continued to measure the composition of the

neutral atmosphere by radio frequency (MKh-6407P) and time-of-flight (MKh-5402)

mass spectrometers carried by MR-12 rocket% and to process and interpret new

results, as well as the 1968-1969 results.

Study of the data from the October 30, 1968, launch from Hayes Island led

to the conclusion that the increased concentration of helium recorded during

this launch was attributable to the intrusion of extraterrestrial helium, and

not to the existence of a winter helium "bulge." The helium intrusion was ac-

companied by a short, sharp increase in the relative concentration of nitrogen

atoms (Figure 25, curve No. 4).

The January 15, 1969, launch from Hayes Island recorded an intrusion into

the lower thermosphere of hydrogen atoms of extraterrestrial origin. As will
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be seen from Figure 25, the increase in the absolute_concentration of hydrogen

atoms was accompanied by a considerable rise in the_relative concentration of

nitrogen atoms (the ratio of ion currents was T(N+)/ _(N_)) and by a sharp rise

in the relative concentration of hydroxyls (ratio of ion currents T(OH*)_(H20_)).

Readily seen is the fact that the "antiphase" reductions in the absolute con-

centration of N2 molecules (ion current [(N_)) correspond to the increases in

the numerical density of hydrogen atoms (ion current T(H+)) and the "in-phase"

increases in the relative concentration of nitrogen atoms (ratio of ion streams

T(N_)/T(H_)) at levels of _ 152 and 128 km (descent).

The two layers of nitrogen atoms detected during the July 25, 1969, launch

by the MKh-5402 time-of-flight mass spectrometer, and by the MKh-6407P radio

frequency mass spectrometer, also correspond to the two layers of neutral hydro-

gen atoms.

It is important to note that the data from the ionosphere station of Hayes

Island for January 15, 1969, and those from "Volgogra_' fox July 25, 1969, /57
m

show that ionospheric perturbations occurred at time coinciding with launch times.

Figure 26 contains the results of measurements made of atomic nitrogen by

seven MR-12 rockets carrying radio frequency mass spectrometers MKh-6403M and

MKh-6407, as well as the MKh-5402 time-of-flight mass spectrometer. The upper

the _(N_)/_(N_) ratio, obtained from ground laboratory calibrations,limit of

was 0.I for the type MKh-6407 mass spectrometers, 0.12 for the MKh-5402, and

0.03 to 0.05 for the MKh-6403M. This means that high concentrations of nitro-

gen atoms were observed during practically all launches, over the whole of the

territory, or sections of it.

6. Processing of the Kosmos-215 1968 observations was_completed in 1970-

1971. A two-channel ultraviolet photometer was used to record earthlight in

the hydrogen ( k 1216 _) and atomic oxygen ( k 1300 _) lines. The observations

covered heights from 220 to 420 km, and angles between 30 ° and 160 ° , read from

the direction to the sun.

The total optical thickness in the center of the L_ line in terms of the

solar depression angle within the above-indicated limits was determined by com-

paring the results of the observations with the calculations of intensity of /58

scattered L_ radiation. Curves of intensity of L_ radiation in terms of height

for fixed solar angles, as well as curves of intensity in terms of solar angle

for constant heights, were obtained. Variations in L_ radiation with a 27-day
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period, correlating with the indices of solar activity (the number of sunspots,

or the solar radio radiation at the 10.7 cm wavelength), were detected. Con-

clusions were drawn with respect to variations in intensity in the center of

emission line L_, as well as with respect to change in the total number of

hydrogen atoms in the exosphere.

Similar curves, as a function of height and solar angle, were obtained

for intensity of radiation in the lines of a triplet of atomic oxygen ( k1300

_). Variations in intensity correlating with solar activity were found.

Night"tropical" radiation in the oxygen lines, observed in regions local-

ized 12 ° to the north and to the south of the geomagnetic equator, was detected.

Conditions for the occurrence of tropical glow in terms of local time were de-

termined. Analysis shows that the most probable cause of tropical glow is the

recombination of the ions of atomic oxygen in the region of increased electron

comcentration.

An experiment designed to measure streams of low-energy electrons during

a period of magnetic perturbation, using instrumentation installed in rockets,

was successful. The purpose of this experiment was to prepare for the second

series of complex "Sun-Atmosphere" experiments (development of procedures and

of the work program) planned for 1971, that of rocket probing of the atmosphere

during a period of magnetic perturbation and of ground observations of the geo-

magnetic field and of the ionosphere. Processing the results of the "Sun-

Atmosphere 1969" experiment was completed at the beginning of 1970, and pre-

parations were made to publish the materials obtained. This was the first

experiment in complex probing of the upper atmosphere during a period of in-

creased solar activity (see the National Report of the USSR to the XII Session

of COSPAR in 1969).

New data on the nature of the link between solar activity and corpuscular

streams, with ionization of the ionosphere, as well as on the stnlcture of, and

circulation in, the lower and upper atmospheres of the earth, were obtained.

The results of the experiment were reported to the International Symposium on

Solar and Earth Physics at the XIII Session of COSPAR in 1970.

7. Theoretical and experimental research in the field of physics of the

high layers of the atmosphere and of space meteorology continued in 1970.

Theoretical research included construction of mean diurnal static models

of the a_nosphere. The introduction of an average for heat during the diurnal
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period for arbitrary solar declination and latitudes succeeded in calculating

the latitudinal and seasonal dependencies of the parameters of the atmosphere

above 120 km. It was found temperature and density in the middle latitudes

have semiannual variations with maxima when the sun occupies one of the equinoc-

tial points. The atmosphere in the middle latitudes is enriched with light

components in the winter time. Another important conclusion is that variations

in lower boundary conditions in the model in accordance with observed variations

lead to substantial variations in parameters throughout the overlying atmosphere.

Since solar sources of heating in the middle latitudes provide what is a purely

annual rate, it must be thought that the sources of semiannual variations in

the thermosphere of the middle latitudes are variations in the parameters of

the atmosphere below 120 km.

The development of a theoretical model of the earth's thermosphere was

continued. A spatial two-dimensional nonstationary model of diurnal variations

in the structure and dynamics of the neutral thermosphere during the equinoctial

was calculated.

The results point to a close relationship between the thermal regime and

the winds, as well as to the important role of the rotation of the atmosphere

at supersonic speed relative to the source of heat, which causes nonlinear ef-

fects in wind distribution. Ion friction too has a significant effect on this

distribution. Disregarding the influence of the mesosphere, maxima for the di-

urnal behavior of temperature and density can be observed at practically the

same time (15-16 hours)°

A methodology for calculating the radiant influx of energy in the upper

atmospheres of planets has been developed. Specifically, simple formulas have

been obtained permitting an increase by 1.5 orders of magnitude in terms of

pressure of layer thickness for the 15 micron band of C02, where a convenient

approximation of the isolated line is justified in the calculations.

The possibility of the effect on the glow of the mesosphere and of the

lower thermosphere of the earth in _:he infrared band of the spectrum of the

radiation from 02 excited by oscillations in chemical reactions, was studied.

It was found that there is little probability of a non-heat glow in the 6.3 mic-

ron band of H20 molecule. The solar radiation absorbed by the 4.3 micron band

of C02 apparently is completely transformed into heat because of the absence of

reradiation of part of the energy in the 6.3 micron band.
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Researchwas conductedon modeling the absorption of CO2 in the infrared
region at high pressures and temperatures (up to 800°K). The intensities and
positions of the lines of the isotope C120_O'"were calculated for a wide array
of "hot"transitions, with Fermi resonance taken into consideration. Theoreti- /60

cal calculations were the basis for gaps in the 2 to 20 micron band for CO 2 for

high pressures (50 atm) and temperatures (800°K) for the calculations of radia-

tion transfer in the Venusian atmosphere.

The feasibility of thermal probing of the atmosphere of Mars at the infra-

red end of the spectrum was investigated.

Processing the results of the experiments designed to take photography

and spectrophotometz,y of the earth from space by the manned spacecraft Soyuz 6

and Soyuz 7 continued, and a new set of optical experiments with an RSS-2 hand

spectrograph was completed.

An experiment involving the simultaneous spectrophotometry of the under-

lying surface from Soyuz-9 and from an aircraft was carried out, and a wealth

of material on the spectral characteristics of various types of underlying

surfaces in different parts of the globe was obtained.

Observed for the first time during night observations of the horizon was

a thin, uniformly luminescent layer in the form of a braid, equidistant from

the earth's surface at an angular distance of 3°39'10 ". The effect of symmetri-

cally located colored "whiskers" was observed for the first time.

The absorption of CO 2 at pressures up to 25 atm in the 2 to 20 micron range

was investigated under laboratory conditions.

Laboratory investigations of the processes involved in the deactivation of ex-

cited conditions byeollisions in those cases of interest to the physics of the

upper atmospheres of planets continued|

(a) the time of oscillatory relaxation of CO 2 (oscillation 93 ) was measured

by the optical-acoustic effect method, of importance for radiation transfer in

the 4.3 micron band for CO2;

(b) the cross-section of deactivation of the condition of atomic oxygen,

O- and O, upon collisions with 02 was measured in a gas discharge, significant

for the theory of the composition of the upper atmospheres of planets.

The solar constant, and its variations, were measured using high-altitude

balloons. The value K = 1o94 cal/cm2min was obtained. This value can change
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by from 2 to 2.5 percent toward the low side, dependingon solar activity.

Theanalysis of all published experimental data on measurementsof the
neutral composition of the atmosphereby meteorological rockets led to the
conclusion that at heights of from 150 to 200 _n the ratio of atom to molecule

concentrations ([O]/[N2]) decreases from day to night. Analysis of the be-
havior of ion concentrations resulted in finding similar behavior in the ratio
of concentrations of neutral atomsandmolecules. Thus, at tile heights indi-

cated, the relative share of atomic oxygen is greater in the daytime than at

night (the amplitude of the diurnal variations in [O]/[N 2] can be a factor of

2 when activity is low, and 1.5 when activity is of average intensity), some-

thing that contradicts present postulations based on purely theoretical models.

8. An aircraft fitted out as a laboratory was used to make an experi-

mental investigation of the radiation characteristics of the atmosphere. The

results posed, and answered, th_ question of the possibility of determining

radiation characteristics, as well as certain meteorological characteristics

(such as temperatures of underlying surfaces and of the upper limits of cloud

cover, vertical distribution of temperature, and moisture in the air), from

measurements of drifting radiation in various spectral intervals by artificial

earth satellites.

A methodology for calculating spectra of ascending and descending longwave

radiation for sections of the spectrum between 3 and 40 microns with a spectral

resolution of 0.1 micron was developed. This methodology then was used to cal-

culate spectra of drifting longwave radiation for a broad set of atmospheric

stratifications characterizing the various regions of the USSR at different

seasons of the year. The availability of a great many calculated spectra for

diverse meteorological conditions in the atmosphere leads to the solution of

certain problems of importance for satellite meteorology.

The spectral calculations were used to obtain the possible magnitudes of

radiation contrasts for cloud cover at various levels (optical parameters of

the cloud cover taken into consideration) against the background of the under-

lying surface, in order to solve the problem of interpreting the infrared _mages

of cloud cover from artificial earth satellites. Conclusions were drawn as to

the advantages of measurements being made in the 3.5 to 4 micron band, as com-

pared with those made in the 8 to 13 mimron band. The magnitudes of the radiation
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contrasts usually are 1.5 ° to 2.5 ° larger in the fo_mer transmission window

than they are in the latter.
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The evaluations made of the influence of the various factors (radiation

characteristics of the underlying surface and cloud cover, spectral and angu-

lar characteristics of the measurem_ent system, scanning angles, and others)

on the magr, itudes of radiation contrasts for cloud cover resulted in obtain-

ing the value of errors occurring when measurements are made by infrared

equipment carried by artificial earth satellites. Errors in finding the radi-

ation t_nperature of the underlying surface and of the upper limits of the

cloud cover as a result of the absorption of infrared radiation in the atmos-

phere were calculated. Figure 27 shows the probabilities of the distribution

of these errors for the underlying surface and cloud cover for the lower and

middle layers over the USSR. The calculated spectra were used to find the

statistical spectral relationships between the intensities of the drifting

radiation and the actual temperatures in the atmosphere (Figure 28). The em-

pirical relationships obtained were used to develop a methodology for the

restoration of vertical profiles of temperature and moisture in the atmosphere.

The restoration method is based on iteration of the solution of the direct

transfer problem.

A methodology for restoration of the profile of moisture in the atmosphere

from measurement of the spectrum of drifting radiation in the water vapor ab-

sorption band was developed. The result of solving the problem was finding

that the unknown parameters could be expressed in terms of certain integrals

readily calculated with an electronic computer.

The methodology thus developed :_lakes it relatively simple to determine

the profile of the moisture in the at_osphere.

Recommendations for actinomet_ic radiometer desig_l were obtained.

Analysis revealed that the use of the existing standardization system,

designed to prevent degradation of instrument response, is ineffective.

It was shown that a systematic error can be found by processing measure-

ments of Iongwave radiation over selected ocean areas, or by studying climatic

distribution of longwave radiation.

Certain of the errors in the interpretation of satellite measurements on

longwave, as well as shortwave, channels were reviewed, and instrumentation

developments aimed at determining spectral indicatriees of reflection, and of

spectral albedo, from an aircraft, were described.

58

/63



IV. Optical Observations from Artificial Earth Satellites _6A

The Soviet Union is actively engaged in making optical observations from

artificial earth satellites for purposes of satellite geodesy and investiga-

tions of the structure of the upper layers of the atmosphere.

Data on observations made in Bulgaria, Hungary, the German Democratic Re-

public, Cubas Mongolias Poland, Rumanias Czechoslovakia, England9 Hollands the

United Arab Republics Frances Finland, Sweden, and in other countries, are re-

ceived regularly by the Astronomical Council of the Academy of Sciences of the

USSR and the "Kosmos" Computer Center. The "Kosmos" Center has issued 124s563

ephemerides to stations in the USSRs and 22,228 to stations in cooperating coun-

tries. It has received 16,205 observations from Soviet stations (16 percent)

and 1,021 observations from stations abroad (5 percent).

The largest number of observations was made by the Soviet stations in

Yeniseysk (No. 1078), Novosibirsk (No. 1035)j Odessa (No. 1036), Ryazan' (No.

1042)s and by stations in the German Democratic Republic and Hungary.

The observations made by the satellites Polyot-1 (6343-1)s Samos-2 (6101-1),

Explorer°39 (6644-1), and Explorer-19 (6353-1) to investigate oscillations in

the density of the upper atmosphere_continued in 1970. The work of simultaneous

investigation of changes in the periods of revolution and rotation of the same

satellite continued (Odessa Astronomical 0bservatorys Astronomical Council of

the Academy of Sciences of the USSR)o

The Astronomical Council of the Academy of Sciences of the USSRs in colla-

boration with the socialist countries, drew up a future plan for cooperation

in the field of investigation of variations in the deceleration of artificial

earth satellites in the upper atmosphere between 1971 and 1975. Preparations

were made for taking highly accurate photography of satellites for upper atmos-

phere research, Stations in the USSR, and in the cooperating _Duntries, will

participate in making the observations. They will use the AFU-75 Soviet cameras

and the German SBG camera. This will solve the problem of building a model of

the atmosphere that will take into consideration brief oscillations in density

through the use of analytical theory, and of investigating changes in the

atmospherets rotation rate.

The Astronomical Council of the Academy of Sciences of the USSR is continu-

ing its organizational work based on bilateral agreements for new stations in /6_
m
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Africa and Asia, and the equipping of these stations with the AFU-75 Soviet

camera. This camera now is installed in Helwan (United Arab Republic), Afgoi

(Somali Republic), Ulan-Bator and Delan-Dzagdad (Mongolian People's Republic),

Kerguelan Island (France), Dodaira (Japan), Fort Lamy (Republic of Chad),

Khartoum (Sudan), and Santiago de Cuba (Cuba). AFU-75 cameras have been in-

stalled in stations in Bulgaria, Hungary, the German Democratic Republic,

Rumania, and Czechoslovakia.

Soviet stations making photographic observations of satellites during 1970

participated in several international programs of observations for purposes of

satellite geodesy, including the following.

I. The Astronomical Council of the Academy of Sciences is coordinating

the work being done on the "Vector MotionjAretic-Antarctice " project by the

East European "Satellite Geodesy" Subcommission. An experimental session of

synchronized observations of the Pageos satellite was held in April-May. Syn-

chronized films were obtained by the stations in Uzhgorod (74), Zvenigorod (131)_

Helwan (167), Afgoi (223), Yuzhno-Sakhalinsk (4), Kerguelan Island (II), Mirnyy

(II), and Ulan-Bator (4).

2. The first observations under the "Dinamika" program were made in the

spring of 1970. All Soviet and foreign stations with the AFU-75 camera took

part. Targets of the observations were nine geodesic satellites in different

orbits. The program is designed to last several years and is being coordinated

by the Astronomical Council of the Academy of Sciences of the USSR.

3. Stations under the Astronomical Council of the Academy of Sciences of

the USSR are taking part in the "International Experiment in Satellite Geodesy"

program (ISAGEX), which is being conducted as a result of the resolutions adopted

by the Xll and XIII sessions of COSPAR. The experiment will last until

July 1971.

Some 500 negatives from the satellites Midas 4, Geos A, Geos B, VYeV, and

Pageos, were obtained during the period of preliminary observations under the

ISAGEX program (September-October 1970).

Electronic computer programs for astrometric processing of the negatives

obtained by the AFU-75 camera were utilized in 1970, in the Astronomical Council

of the Academy of Sciences of the USSR, and by the Riga satellite observation

stations.
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Theseprogramswere used to calculate the experimental coordinates for
the Pageossatellite, using materials from the international observations
session, "Europe-Africa," obtained by Soviet stations. In accordaneewith
the understanding, all results (244 negatives) were forwarded to the co- /66

m

ordinating center, the Geographic Institute of France.

Theoretical research in the field of satellite geodesy is in progress in

the Soviet Union. Procedures have been developed, formulas have been derived,

and a set of computer programs has been compiled for calculating lengths and

directions of earth chords fr_n photograp_ and laser observations of satellites.

The first results have been obtained for the Riga-Uzhgorod chord from. observa-

tions of Geos 1 flares, and for the San Fernando - aux Province chord.

Also under development is a procedure for determining the lengths and

directions of £arth chords from simultaneous Doppler and photographic observa-

tions of satellites. Research has been conducted on the influence of the motion

of the earth pole on the results of astronomical observations, including

satellite geodesy.

A program for calculating the coordinates of ground stations by the or-

bital method has been perfected.

The Bucharest Observatory is working with the Astronomical Council of

the Academy of Sciences of the USSR to determine the azimuths of chords and

the coordinates of stations from the results of observations made by Soviet

stations.

Methods for determining the quasinodical periods of revolution of satel-

lites from observations by the AFU-75 c_}era are under investigation jointly

with Hungary.

Regular publication of the results of optical observations of satellites

for purposes of investigating the upper atmosphere is continuing.

The X Scientific Conference of Scientists of the Socialist Countries on

Questions of the Scientific Use of Satellite Observations was held in Bucharest

in July 1970, as part of the Interkosmos Program. Guests participating in the

conference included representatives of England, France, Finland, and the United

States, a total of some 70 participants.
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Twomeetings of the "Laser-Radar' Working Groupwere held in 1970, the
first in April, in Prague, the secondin Novemberin Uzhgorod.

The work program of this group envisages the building of a satellite

laser rangefinder within the terms of cooperation between the socialist coun-

tries. The Czechoslovakian Academy of Sciences is coordinating the work.

As in previous years, there has been a regular exchange of experts bet-

ween the Soviet Union and the cooperating countries for mutual consultations

and for carrying on joint scientific work.
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V. Medical and Biological Research /67

I. In-flight investigations. The Soviet Union's Soyuz. 9 spacecraft flew

a successful 18-day mission between 1 and 19 June, 1970. The spacecraft carried

a two-man crew, Commander A. G. Nikolayev and Flight Engineer V. I. Sevast'yanov.

As is :customary, the functioning of the cardio-vascular system, respiration,

energy expenditure, condition of the central nervous system, and analyzers

were studied, and certain biochemical indices were photographed. The dynamics

of the capacity to work was investigated using data on how work was performed,

and from a series of special probes.

The flight took place precisely as programmed. The parameters of the

microclimate in the living spaces in the spacecraft remained within permissible

limits, Radiation conditions during the flight were favorable. A.G.

Nikolayev experienced but 0.316 rad, and V, I. Sevast'yanov 0.397 rad of ir-

radiation.

The cosmonauts ate four times a day. The daily ration contained a mean

of 2700 kcal. The food intake program envisaged a requirement of about two

liters of liquid a day per man.

The cosmonauts twice a day during the flight did a set of physical exer-

cises designed to offset the unfavorable effects of weightlessness.

The increase in pulse and respiration rates during the prelaunch period

was natural for such a situation.

Once the spacecraft was in orbit, and by the sixth revolution, the heart

beats approached those recorded a month prior to launching, Pulse rate con-

tinued to drop. By the third day into the flight it had dropped 8 to I0 beats/

minute in terms of the background in the case of A. G. Nikolayev, and 6 to

13 beats�minute in the case of V. I. Sevast'yanov, and stayed at this level un-

til about the tenth day, after which it gradually rose, approaching the level /68

of the background indices, The reaction of the cardio-vascular system to pro-

grammed exercises was no different from that found in the ground data when pulse

rate and arterial pressure during the flight were compared.

External respiration, gas exchange, and energy expenditure experienced by

A. G. Nikolayev were studied during the flight with his active participation.
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It was established that there is an increase in pulmonaryventilation and an
increase in the vital capacity of the lungs under conditions of relative rest

in the weightless state. Analysis of the gas probes showeda greater absorp-

tion of oxygenand increased liberation of C02, at rest, as well as whendoing
programmedexercises. Energy consumptionincreased at rest by 0.86 to 1.03
kcal/min, and by 0.68 to 0.86 kcal/min whenexercising.

Both cosmonauts,uponentering orbit, experienced reddening and puffing
of the face andthe sensation of blood rushing to the head, but this latter
sensation decreasedsharply by day two.

Analysis of urine collected on the first, second, and 18th days of the
flight revealed that excretions of potassium, calcium, sulfur, phosphorus,

and nitrogen increased as the flight continued.

Appetite during the flight was normal, the sensation of thirst was some-

what reduced, and urination was regular. There were individual days when the

stool was delayed. Sleep for the most part was deep, refreshing, and lasted

for from 7 to 9 hours. Mental and physical powers remained at a high level

throughout the flight.

The first medical examination after landing found the cosmonauts tired,

and definite effort was required to stand erect, so they preferred lying down.

Their subjective sensation was one of having heavier than normal bodies. This

unique illusion of a heavier body gradually disappeared after about three days.

The at-rest heart beat immediately after landing was about 120 per minute.

The short (5 minute) orthostatic test conducted at this time was borne with

definite stress by both cosmonauts.

Initial weighings showed that A. G. Nikolayev had lost 2.7 kg, and that

V. I. Sevast'yanov had lost 4.0 kg. Noted was a reduction in the fibular tarsal

bones and in the bones of the proximal phalanges of the fingers. The optic

density of the bones had not returned to its original level by the 22nd day

of the postflight period.

The volume of circulating plasma decreased 2 percent in the case of A. G.

Nikolayev, and 6 percent in the case of V. I. Sevast'yanov. The content of

the total serum protein was reduced.
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Expresseddisbacteriosis wasnoted during investigation of the automicro-
flora of the cutaneouscoverings and of the mucous membrane of the nose.

The materials obtained from medical observations made during and after

the Soyuz-9 flight indicate that it is possible, in principle, for man to

work actively in space for 18 days and still retain his mental and physieal

capabilities. At the same time, the data showed that the process of adaptation

to weightlessness, and the subsequent readaptation to ground conditions places

a strain on the body's adaptational mechanisms, and that readaptation is more

difficult. The development of ways and means to ease this process is an im-

portant task of future research in the field of space medicine,

The influence of space flight factors on the seeds of higher plants and

unicellular Chlorophyceae were studied during the flights of Soyuz-9 and Zond-8.

The results of experiments with air-dried seeds of Creels eapillaris,

Allium fistolosum, and Arabidopsis thaliana showed that the factors involved in

both of these flights, in and of themselves, had no influence on germination

energy, seed germination, or mitotic index in the root meristem. However, these

factors did cause an increase in the frequency of chromosomal aberrations during

the Soyuz 9 flight_ and the increase was greater the more sensitive the plant

is to the effect of the external factors (in the case of onions, to 11.61 ±

1.35 percent as opposed to 0.88 ± 0.51 percent for the control, and in the case

Crepis to 1,01 ± 0.16 percent as opposed to 0.18 ± 0.05 percent).

Interesting data were obtained with respect to the modifying influence of

flight factors on the effect of chemical mutagens and radiation. Treatment

with ethylenimine increased seed death. The entire package treated prior to

the flight died, and postflight treatment resulted in a significant reduction

in the mitotic index for the test, as well as for the control. In this test

variant the tendency was to an increase in the number of chromosomal aberrations

(22.65 ± 4.83 percent) as compared with the treated control (13.90 ± 2.32 per-

cent). This same behavior pattern had been noted earlier by L. G. Dubinin and

O. P. Chernikov (1970).

On the other hand, flight factors had a protective effect against genetic

damage caused by irradiation. Among Crepis this effect was statistically re-

liable when the seeds were irradiated after the flight (2.92 ± 0.34 percent
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chromosomalaberrations for the control, 1,44 ± 0.17 percent for the test)

and was missing, for all practical purposes, when irradiation took place

prior to the flight (11.36 ± 0.89 percent and 12.45 ± 0.54 percent, respective-

ly). The picture was the reverse in the case of the onions. Flight factors

had no influence on the effect of subsequent irradiation (23.14 ± 2.09 percent

for the control, 20.95 ± 2.15 percent for the test). There was, however, a

significant reduction in the effect of preliminary irradiation (52.84 ±

2.53 percent and 27.12 ± 5.79 percent, respectively).

The experiment with unicellular Chlorophyceae on the Soyuz. 9 flight was

the first to investigate the effect of spaceflight factors on a developing

culture. The culture of chlorella autospores was planted in a mineral agarized

medium in special containers fitted with opaque filters. The filters were re-

moved by the cosmonauts after the spacecraft was in orbit. The ceils in one

container were exposed to light for 24 hours, those in another for 6 days,

and those in a third for 14 days during the flight. One container remained

covered throughout the flight. The algae were resown in a fresh nutrient

medium after landing in Order to study the survival rate, mutability, and the

dynamics of development in destruction in autospore formation. Analysis of the

results failed to show that flight conditions had any effect on any of the ex-

perimental variants. However, a slight reduction in the survival rate and an

increase in mutableness was noted, as was some suppression of the normal de-

velopment processes among those cultures that had been in a physiologically

active state for most of the flight (exposed to light for 14 days).

The Zond-8 experiment was designed to find out what the effect of a long

flight would be on recovery from radiation damage to chlorella cells and on

the sensitivity to radiation of the inactive ehlorella cultures. As in the case

of the Soyuz-9 experiment, there was a slight reduction in survival rate and

the appearance of mutableness among cultures subjected to the effects of flight

factors. Postflight gamma-radiation of the cells showed an increase in re-

sistance to radiation, and a reduction in mutableness, as compared with the

ground control.

2. Ground investigations, The antimutagenous effect of AET (amino-

ethylisothiuronium), the mutagenous effect in the case of different types of
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chronic gamma-irradiation of male Drosophilae, and the mutagenous effect in the

ease of different types of irradiation of the sex cells of male mice, all were

studied in order to uncover individual eases of genetic damage after space

flights. Placing hungry males oil food containing AET prior to their irradia-

tion with a dose of I000 r, or placing them on the same food immediately after

irradiation, resulted in the total number of induced lethal, or semilethal,

sex-linked point mutations remaining the same as those for the control when

AET was not added to the food. However, AET does cause a statistically re-

liable reduction in the percentage of induced lethals with a simultaneous in-

crease in the percentage of induced semilethals. These data can be treated

as proof of the phenomenon of incomplete recovery from mutagenous damage

during which the potential lethal reacts in the fo_n of a semilethal.

Some increase in the frequency of sex-linked recession lethals and semi-

lethals as compared with that found in the case of acute irradiation in massive

doses (calculated per r) was observed in the case of chronic gamma-irradiation

of male gametes with a total dose of 60 r at the rate of 0.042 r/m. The

effectiveness of chronic and a one-time gamma-irradiation of male gametes in

small doses was close. Irradiation similar to this gives the greatest muta-

genous effect when acting on the spermatogonium, the sensitivity to radiation

of which is particularly high. The result is the mass death of those most

sensitive to radiation, and therefore of the most mutable cells when they are

irradiated with massive doses, regardless of the rate at which the doses are

administered.

Analysis of the frequency of occurrence of reciprocal translocations and

dominant lethal mutations induced by X-rays and fast neutrons (1.5 Mev) in the

sex cells of mice has shown that the spermatogonium genetically is much less

sensitive to radiation than postmeiotic sex cells. The nature of the dose-

effect relationship in spermatogoniums and in sex cells differs in later stages.

In the case of both types of radiation in,the interval of doses in which the

yield of mutations in spe_matozoids and spermatids increased exponentially with

increase in dose, the frequency of mutation in spermatogoniums remained at the

same level when the dose was increased to above 400 r of X-rays and 72 fads of

fast neutrons, and decreased at higher doses (1800 r and 216 fads).
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Therelative genetic effectiveness of fast neutrons was identical at all
stages of the spermatogonium,about 4.5. FractionatiOn of the X-ray and fast
neutron dosesinto several sessions changesthe yield of mutations in sperma-

togoniums. The mutagenous effect was weakened when the X-ray irradiation

was broken down into low-level doses, and this differed from the effect of the

neutron action.

Study of the biological effect of various types of cosmic radiation con-

+2 +2 +4 +8

tinued. The inactivating effeet of aecelerated ions BII, C12, Ne20, and At40 ,

as well as of gan_a-rays of Co 60 and of protons with energies of 645 Mev on

the survival rate of K. coli B bacteria in the range of dE/dx radiations of

2.4 to 3.104 Mev-g-l-cm 2, was studied. It was shown that the dependency of the

survival rate of cells on the radiation dose is exponential for all types of

radiation used.

Comparing the biological effectiveness of heavy ions with gamma-radiation

when the dose is calculated in units of absorbed energy reveals that the bio-

logical effectiveness of heavy charged particles decreases with increase in

their dE/dx. However, analysis of the dependency of the cross section of in-

activation of bacteria, that is, of the magnitude characterizing the probability

of inactivation of the object by the particle, on dE/dx for the radiation shows

that the cross section of inactivation increases with increase in dE/dx for

-I 2
the particles to over I000 Mev-g -cm _ and then tends to level off on a

plateau in the case of high values of dE/dx; that is, with increase in linear

losses of energy the effectiveness of each heavy particle increases.

Change in the mutation process in seeds irradiated with protons with

energy of 660 Mev and with gamma-rays long after irradiation, was studied.

Lettuce seeds were irradiated with protons with energy of 660 Mev in a syn-

ehrocyclotron and with gamma-rays from Co 60 in doses of 0.25 to 5.0 krad.

Analysis of the effects that developed immediately after irradiation showed

that the protons were more effective than gamma-radiation. Induced mutagenesis

increases when seeds irradiated by protons and gamma-rays are stored. Straight-

line regressions revealed that the intensity of the change in the radiobiologic-

al effect per unit time in irradiated seeds does not depend on the type of

radiation_ but rather increases with increase in the dose. Analysis of types

of chromosomal aberration failed to show any significant difference in the

action of protons and gamma-rays.
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Dosage relations and RBE coefficients were obtained for protons. The

RBE coefficient for protons changes with the dose from 2 to 2.8, using direct

effects criteria. There is a significant reduction in the RBE Coefficient

for protons when irradiated seeds are stored. This is because the radiation

damage suffered by the stored seeds irradiated with gamma-rays remains.

The need to know the effects of nonuniform irradiation resulted in in-

vestigation of 600 rats in order to study the characteristics of the formation

of radiation injury in the rats as a result of the variety of effects of radia-

tion with extreme values of decrease in doses in terms of intensity. The

animals were irradiated over a wide range of doses.

There is an optimum height-cerebral dose (160 to 230 tad) at which

recovery processes occur at the fastest rate. An increase, or a decrease, in

the magnitude of the medullary absorbed doses during nonuniform radiation slows

/73the rate of recuperation.

Experimentation established the fact that the nature of the daily change

in sensitivity to radiation depends on the animal species and strain. There

is, however, a basic behavior pattern; sensitivity to radiation increases

during active periods of the day, and decreases during the inactive periods.

The survival rate among animals (mice, rats) irradiated with gamma-rays from

Co 60 differed by 50 percent for the same dose, but administered at different

times of the day. The daily variations in LD50/30 were 293 r for mice, and

I00 r for rats.

The experiments with dogs exposed to chronic daily gamma-irradiation con-

tinued in 1970. Here the total doses given the animals under conditions

simulating galactic radiation in dose rate magnitude were I00, 300, and 600 rem,

and for those animals subjected to reirradiation as well, they were 580 and

900 rem. Preliminary analysis of the data points to stabilization of changes

in the hematological indices by the third year of irradiation and to an intensi-

fication in damage to spermatogenesis.

Some of the dogs were removed from irradiation after three years to ob-

serve the progress of recovery processes and the development of long-range

consequences. A year after cessation of irradiation there was a gradual re-

covery in terms of the hematological indices and spermatogenesis, but recovery

was not total.
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Study of the effects of experimental actions on various systems of the
organism, and learning moreabout the mechanismsof these actions, continued.
Studied in particular were the hydrodynamicinfluences that occur between
parts of the vestibular apparatus. Experimentswith local caloric stimulation
of various parts of the labyrinth, and with abduction of impulse activity from
the nerve rami of the laterial and anterior vertical canals, revealed that
endolymphflows in the labyrinth can be propagatedfrom the site of occurrence

to all parts of the vestibulary apparatus if the stimulus is strong enough.
Themechanisminvolved in the hydrodynamicinfluences can be represented as
follows. It is knownthat the cupula hermetically seals the lumenof the
canal. Caloric stimulation of the smoothpart of the lateral canal causes a

convection heat flow that tilts the cupula in the ampulla-loop direction. The
cupula, upon tilting, displaces somevolumeof endolymph,and this volume,

for a definite intensity of stimulation, is sufficient to cause an ampulla-

fugal deviation of the cupula toward the anterior vertical canal. Both cupulae

function as synergists, so far as the nature of responses is concerned. It is

possible that if the stimuli are strong, and if the deviations are great, a

gap can form between the apex of the cupula and the wall of the ampulla, and

endolymph leakage can occur. In the case of caloric stimulation of the vesti-

bule, the flow of endolymph will branch and upon entering the anterior and

lateral canals will tilt their cupulae ampulla-fugally. The cupulae of the

canals function as antagonists so far as the nature of the responses of the

nerve units in this situation is concerned.

The results obtained are of interest in analyzing vestibular rections when

extremal accelerations are acting on the labyrinth.

Interest in preserving human life in emergencies poses the question of

the need to study the influence of different cor_ipositions of the artificial

gas medium that differ from the normal atmosphere in terms of magnitude of

total pressure and partial pressure of oxygen and carbon dioxide on the organism.

The possibility of man's stay in a gas environment resulting in hypercapnia,

one in which pCO 2 was as high as 40 and pO 2 as high as 159-105 mm Hg, was

studied in altitude chamber experiments at normal and reduced barometric

pressures (405 mm Hg). The results revealed that the human body can adapt to

a five-day stay in a medium in which the pCO 2 reading is 23 mm Hg, and at the

same time retain adequate capacity to work.
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The first days in a medium with pCO 2 of 30 mm Hg developed distinct

changes in the external respiration function, gases in the blood, and acid-

base balance, all of which indicated stress on the reserve capacities of the

organism. In the days that followed there were signs of adaptation which made

their appearance in the form of a reduction in the external respiration re-

action and in the oxygen demand, in normalization of the acid-base equilibrium

indices, and others. Further increase in the carbon dioxide concentration in

the inspired air (pCO 2 38 mm Hg, and higher) caused the appearance of decom-

pensation of the acid-base equilibrium and of considerable respiratory stress

(respiration minute volume increased by a factor of 3 to 4, and the respiratory

volume increased by a factor of 2 to 3).

Body responses were sharper under the combined effect of hypoxia (P02-"

I05 mm Hg) and hypercapnia (pCO_ 23 mm Hg) than under the effects of each of

these factors individually.

The nature of the change in body reactions depended on the CO2 and 02 con-

centrations in the chamber when conditions resulting from a breakdown in the

life support system were simulated (rise in pCO 2 at a rate of 3.5 mm Hg and

a simultaneous reduction in pO 2 at a rate of 4.7 mm Hg). Greatest changes in

the indices were noted at pCO 2 and pO2 limits (56 and 90 mm Hg, respectively).

The minute volume in the dormant state exceeded the original level by a factor

of 12 to 13, the tidal volume increased to 2.5 liters, the basal metabolism

increased 200 to 291 percent, the pCO_ in the mixed air breathed rose from 23
Z

to 60 mm Hg, and the pO2 fell to 90 mm Hg. Under these conditions there were

metabolic changes when pCO 2 was between 20 and 25, and pO 2 was between 130

and 120 mm Hg.

Intensive study also was made of the mechanisms involved in the effect of

hypoxia on the organism, as such, and in combination with other, extremal,

actions.

Central nervous system reactions have been studied in particular detail.

The evoked potentials method was used successfully, for example, to establish

that the reaction of the acoustic cortex begins to develop under the effects of

light hypoxia, 12 percent oxygen in nitrogen.
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Noted among animals breathing a gas mixture containing I0 percent oxygen

were more significant changes in the nature of the indices studied.

The greatest changes in the nature of the evoked potentials were estab-

lished when a gas mixture containing 8 percent oxygen was breathed. In this

case the latent period was extended by a factor of 1.5, the amplitude of the

positive phase was reduced between 22 and 29 percent, and the negative phase

between 19 and 26 percent.

At the same time, no significant changes in the evoked potential indices

developed in the posterior corpora quadrigemina under the effects of light

hypoxia. If there were some deviations, they failed to differ from the original

values with any degree of certainty. Reduction to I0 percent in the medium's

oxygen content evoked definite shifts in the nature of the indices recorded.

First of all, the magnitude of the latent period, which, 30 minutes after the

beginning of delivery of the mixture to the chamber increased 12 percent,

changed. Further stay of the animal in the hypoxic medium increased this even

more. The positive phase of the response paralleled this. Reduction was slight

in the first 30 minutes and differed from the original by 6 percent. The mag-

nitude of the amplitude decreased by virtue of the animal being in this gas

medium and by 180 minutes the reduction was 28 percent. The magnitude of the

negative phase too changed significantly. Within 30 minutes it was 26 percent

below the original magnitude.

The use of a hypoxic medium evoking a more severe form of hypoxia was

accompanied by even greater shifts. Now the increase in the latent period was /76

40 to 62 percent. Paralleling this was a reduction in the amplitude of the

positive and, in particular, of the negative phase of the response. The ampli-

tude of the negative phase decreased 46 to 49 percent in the first 120 minutes.

Experimental results thus indicate that the hypoxic effect evokes a change

in the functional state of the auditory system that is directly dependent on

the severity of the action. Comparing the results obtained for different

auditory system levels, it was found that hypoxia evokes unidirectional, and

approximately identical changes, quantitatively speaking_ in the cortical struc-

tures of the auditory analyzer and in the posterior corpora quadrigemina, and

that these changes are expressed in the inhibition of physiological processes.
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Advanceinjection of different doses of hydrocortisone _Iring various

stages of hypoxic action normalizes the reduced functional state of the cortic-
al and subcortical structures of the auditory system attributable to hypoxia.

However,a 5.0 mgdose of hydrocortisone proved to be the most effective for
normalizing the rate of excitation and improving the functional state of the
cortical neurons during the various stages of hypoxia, whereasdoses of 0.2
and 1.0 mgwere most effective in the case of neurons of the posterior corpora
quadrigemina. It was found that small doses of hydrocortisone (0.04 mg)
causedchangesto take place only in the neurons of the posterior corpora
quadrigemina, and that it wasnot until the hormonedose was increased (I.0
mg) that changesoccurred in the neuronsof the acoustic cortex. On the other
hand, in response to hypoxic action, the neurons of the acoustic cortex, in

which changesoccurred whenhypoxia was relatively slight, proved to be more
sensitive than did the neuronsof the posterior corpora quadrigemina.

Depression in the phospholipid exchange in the brain tissue of rats is

found when the organism is subjected to oxygen starvation caused by a reduction

in the partial pressure of oxygen in the environment. This depression, as

special experiments revealed, is attributable primarily to hypothern_ accom-

panying the oxygen starvation of the organism, and is not directly related to

the lack of oxygen in the cells of the brain tissue.

In order to recognize the relative role of each of the factors acting

under hypoxic conditions, lack of oxygen in the environment on the one hand,

and hypothermy on the other, it was necessary to find a convenient model,

one that was lacking in those complex regulatory influences and reactions that

occur in the whole organism, for use in studying, separately, and in different

combinations, the influence of the factors investigated. This convenient

model is brain tissue pulp, which can be incubated in vitro, varying the tem-

perature of the incubating medium, as well as the gas composition of the en-

vironment.

There is a clear-cut relationship between the demand for oxygen by brain

tissue, the intensity of the phospholipid metabolism, and the temperature of

the incubating medium in normal air. The specific radioactivity of the phospho-

lipids increases with increase in incubation time. The oxygen requirement does
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not change significantly during the period required for the investigation. Re-

duction in oxygen in the environment to 8 percent causes no significant changes

in oxygen requirement, or in phospholipid metabolism intensity. The relation-

ship between the magnitudes of both indices and the temperature of the incubat-

ing medium is retained under these conditions. Reducing the oxygen in the

environment to 5 percent is an entirely different matter. There is a definite

reduction in oxygen demand and phospholipid metabolism intensity at 37 ° and

32°C, as compared with the findings in air and in an 8 percent 02 mixture.

The magnitudes of the indices investigated depend on temperature. No differ-

ences in oxygen demand, or in the specific radioactivity of the phospholipids

during incubation in any of the gas media investigated is found when the tem-

perature of the incubating median is 27 ° and 22°C.

The impression created, therefore, is that a definite reduction in tem-

perature, has no effect on the metabolism of brain tissue in vitro, even when

there is a four-fold reduction in the oxygen content of the environment.

One facet of the research was a study of content and metabolic intensity

of the various fractions of phospholipids in the brains of rats during events

that change the functional state, or the metabolism of nerve tissue. Selected

for these events were hypoxic hypoxia and insulin hypoglycemia, leading to a

definite suppression of metabolism and functional activity on the part of the

brain tissue due to an inadequate supply to the brain of the main sources of

energy, oxygen and glucose, and stimulation of the skin with electricity,

leading to the development of definite excitement among the animals. Definite

changes in the intensity of the exchange between the phospholipid fractions

investigated were observed during all events studied.

The nature and directivity of the changes in metabolism intensity clearly

correlated with the nature of the changes in the functional condition of the

central nervous system during these events. Metabolism intensity diminished

during hypoxic hypoxia and insulin hypoglycemia, whereas there was a proven in- /__78

crease during electrical stimulation of the skin.

Male rats were housed in an altitude chamber with reduced partial 02

pressure for the hypoxic hypoxia experiments. It was shown that a two-hour

stay at an "altitude" of 8700 meters was accompanied by a definite increase in
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the RNAcontent of Purkinje's cells of the cerebellum, and in their glial
satellite cells, as well as in the motor neuronsof the anterior horns of

the spinal cord (but not in their glial _ells). Some of the rats were also

subjected to the intermittent effect of hypoxia. The RNA content of

Purkinje's cells, and of their glial satellite cells increased, but the inter-

mittent effects of hypoxia (5 to 5.5 hours daily for two weeks with gradual

increase in "altitude" from 3000 to 7000 meters) were no different from the

norm by the end of continuous effect (for three weeks at an "altitude" of

5500 meters). On the other hand, an increase in RNA content in the motor

neurons of the spinal cord increased only as a result of continuous effect of

hypoxia. Thus, the same hypoxia conditions can cause different neuron changes

that differ in their functional properties.

Also shown was the fact that acetylcholine apparently can emerge as the

protector of intracellular metabolism of RNA in nerve tissue during hypoxia.

Experiments with hypokinesis, using male white mice and male rats indi-

vidually caged for two or three weeks so as to limit greatly the scope of move-

ment on the part of these animals, were conducted. It was found that RNA in

the cytoplasm of the motor neurons of the anterior horns of the lumbar enlarge-

meht of the spinal cord, in the body of their glial satellite cells, and in

the cytoplasm of the neurons of the sensory spinal ganglia, was not significant-

ly different from the norm by the end of the experiment, RNA in the glial cells

of the spinal ganglia increased by the end of the second week of hypokinesis,

and decreased by the end of the third week. When the animals were moved to

ordinary conditions of mobility there was a definite drop in RNA in neurons, as

well as in the glial cells of the anterior horns of the spinal column and

spinal ganglia, in the first 2 to 6 hours. This was followed by phase changes

in RNA content. These changes were different in neurons and glia and unlike

in the motor and sensory regions of the spinal cord. The final return in RNA

to the norm did not occur until three days after discontinuance of hypokinesis,

and this was the case in the neurons of both regions. Thus, long periods of

hypokinesis lead to the adaptation of RNA metabolism in the nervous system under

these conditions. The return of the organism to normal motor activity causes

many biochemical changes to take place ip the neL_vous system, encompassing all /79

the basic types of the system's cellular structures.
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Study of the effect of a combination of hypokinesis and hypoxia involved

caging the rats and placing the cages in an altitude chamber for three weeks.

The initial "altitude" was 3000 meters. Then the "altitude" was increased daily

for seven days by from 500 to I000 meters, with the animals then held at an

"altitude" of 7000 meters for 14 days. As compared with the control (rats kept

in spacious pens and engaged in ordinary motor activity), the animals subjected

to the effect of hypoxia alone showed an adequate RNA accumulation in the cyto-

plasm of the motor neurons of the lumbar enlargement of the spinal cord. There

was an even greater increase in cytoplasmic RNA under the effect of hypokinesis

alone. The combination of the two also resulted in RNA accumulation, but to

a lesser extent than when hypokinesis alone was in effect. Not to be precluded

is the fact that hypoxia, while reducing the general int_ensity of metabolism

in the nervous system, at the same time hampers the d_v_lopment of sudden

changes in the ratio of synthesis and decay in RNA under the influence of hypo-

kinesis.

One of the important extremal factors in astronautics can be total sleep-

lessness , or deprivation of sleep's paradoxical phase over a comparatively long

period of time. Experimental study of the consequences of long periods of

sleeplessness found that the latter causes a consumptio 9 of protein in the

crucial structures of the mid-brain that is not compensated for by biosynthesis,

and that inhibition of higher nervous activity during "narcotic sleep" does not

lead to the recuperative processes that take place during natural sleep.

The mechanisms involved in heat regulation under normal conditions, and

under certain experimental conditions, were studied.

Among animals, even a relatively small reduction in the oxygen in the air

upset heat regulation and showed up in the form of a reduction in the protective

reaction to cold (cold muscular tremor, heat-regulated muscular tone). A

direct inhibition of the _ctivity of the neurons of the heat regulation center

among animals breathing a mixture of gases containing a reduced oxygen content

was found. These neurons are much more sensitive to the blood's oxygen content

than are the neurons of the cerebral cortex.

The most infrequent Changes in heat regulation occur when a mixture of

gases containing helium is breathed. Helium has a definite cooling effect and
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results in protective reactions to cold evenwhenthe temperature of the medium

is comfortable. The strong cooling effect of helium mixtures appears in par-
ticular in the respiratory tract. /80

Experiments 6esigned to compare one-time, and repeated stress on membrane

digestion, the effect of heat in particular, were conducted in 1970.

The membrane digestion factors investigated were the invertase and di-

peptidase activity of the surface of intact intestinal sections 2 cm long, and

of the homogenates of these same sections 4, 24, 48, and 72 hours, and six days

after the last heat was applied.

Significant, and definite, differences in the resctions of the digestive

system, and in particular in the reactions of membrane digestion, were found

among the animals subjected to one-time and repeated stresses.

These effects are increasing reactions in the case of the former, and der

creasing in the case of the latter, as compared with the base. It is interesting

to note that systems that react but slightly, or that do not react at all, can

be drawn into the reaction when stress conditions are repetitive in nature.

Research along the following lines was conducted as concerns theproblem

of the physicochemical synthesis of food products:

selection of the optimal schemes for the physicochemical transformation

of the products of hur_an activity into carbohydrates, into monosaccharides;

search for new, heterogeneous catalysts for the synthesis of carbohydrates

from formaldehyde.

A number of new, previously unknown catalysts were found. They are

hydroxides of rare earth elements yielding synthetic carbohydrates, mono-

saccharides from formaldehyde.

Chromatographic analysis shows the chemical composition of the artificial

carbohydrates to contain pentose and hexose.

The results of experimental investigations directed at the psychophysio-

logical analysis of human tracking reactions include certain significant be-

havior patterns in teaching how to react, and how these reactions take place.

They are a reflection of the information processes involved in processing data
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on the properties of the demandsignal, of the results of natural movements,
and of their concordance.

A sequencein the understanding of the individual properties of a regular

signal in the teaching Process, and the subsequentsynthesis of those properties
in the form of a motor program, was found.

The construction of a motor programis the basis for forecasting near-
time changesin the demandsignal so that control can be exercised without
delay.

Twomethodsof regulating man's natural tracking movementshave been foundz

regulation of frequency under tracking conditions whenchangesin th_

demand signal are rapid_

regulation of the rate under tracking conditions when signals are moving

slowly.

The advantages of position tracking of the movements of a bright spot on

a cathode ray tube, as compared with a number of other types of tracking (com-

pensatory tracking, tracking indicator needles, derivative tracking), were de-

veloped and analyzed.

Errors in, and time characteristics of, discrete tracking were analyzed.

It was found that the influence of programming actions in the central nervous

system on the selection of the next movement was significant.

Research on the functional characteristics of biological systems continued.

This research can be the basis for designing the complex of life support equip-

ment needed under the conditions prevailing on long space flights.

Study of the resistance of the basic characteristics of a culture of uni-

cellular algae (Chlorella) under autonomous cultivation conditions, and within

the closed man-algae gas exchange system, showed the presence of spontaneous,

Periodic oscillations in culture productivity (15 to 20 percent of £he mean),
J

of changes in the chemical composition Of the biomass (I0 percent of the mean),

and in the acclimation coefficient (7 percent of the mean). The period of these

oscillations was about 20 days. The probable causes of the oscillations are

periodic changes in the age composition of the algae population.
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Change in illumination of the population by steps resulted in more

asynchronous and spontaneous oscillations, and those of productivity, in par-

titular, smoothed out.

The stability of the asynchronous culture influenced by experimental

factors was found to be unlike that of life support for cells of different

physiological age and was significantly higher than that of the synchronous

culture. This fact is of practical importance because in the case of reversible

emergency situations, the culture can regenerate because of the cells of the

ontogenetically stable stage that were preserved. This property of self-

regeneration obviously is one of the most important internal mechanisms for

preservation of the stability of the population of the organs in the biological /82

system.

One of the directions taken in the development of biological systems was

that of investigating the mineralization of certain of the human metabolism

products and parts of the inedible biomass of plants. Confirmed experimentally

was the desirability, in many cases, of mineralization of organic waste by the

"wet" combustion method in order to recover the mineral elements in the nutrient

medium of plants.

3. Exobiology. Research on various problems of exobiology continued in

1970.

Research on the effect of extremely high vacuum, and of superlow tempera-

tures on microorganisms, and their enzymes, underwent further development.

Reports made in previous years pointed out that microorganisms of different

systematic groups have unlike resistances to the effects of extremely high

vacuum. Successfully established recently was the fact that the resistance of

many organisms to the effect of this factor can be explained by the presence

of a mobile fraction of water on the molecular level which remains stable even

when the change in external moisture values covers a wide range. The stability

of the fraction of mobile water in dormant forms of life (dry seeds of wheat,

beans, yeats) during drying evidently is associated with the compaction of the

proteins as water is lost, and of their impenetrability to the residual water.

This protects a definite part of the cells against the direct effect of

vacutH_.
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The influence of this unfavorable factor on the activity of certain en-

zyme systems (adenosine triphosphoric acid, and ferroporphyrins) was studied

in order to explain the mechanisms of resistance to vacuum on the part of

certain representatives of microorganisms. A comparative study of the homo-

genate of cells of forms of microorganisms resistant and nonresistant to the

effect of vacuum showed the absence of activity on the part of extracellular

ferroporphyrin enzymes. Investigations of entire cells of these forms of

microorganisms developed two interesting factorsz the activity of the ferro-

porphyrin enzymes increased in both groups; and the enzymes of organisms re-

sistant to vacuum were highly active. Consequently, the cell membrane pro-

tects the enzymes under extremely high vacuum conditions in different ways.

So far as the adenosine triphosphoric acid is concerned, there was no success

in arriving at any principal difference in the activity of this enzyme within

the cells, or in the homogenate of the cells.

A comparative study of the effect of the temperature of liquid nitrogen

(-196°C) on some microorganisms revealed that the sensitivity of the various

groups of microorganisms to extreme cooling is not the same. Saccharomyces

vini and Serratia marcescens were tested. Polarographic and manometer methods L83

were used to determine the oxidation functions.

Serratia marcescens cells exhibited practically the same activity in oxi-

dizing the substrate in the control and in the experiment, whereas the oxidiz-

ing capability of the Saccharomyces vini cells decreased sharply after a tem-

perature of -196 ° had been created. Evidently this difference is connected

with differences in the spatial organization of the respiratory chain, as well

as with the fact that the formation of intracellular ice crystals does much more

damage to large yeast cells than to small bacterial cells.

Further research was engaged in in order to study the evolutionary paths

or organic compounds under "primitive" earth conditions when acted on by dif-

ferent types of energy. Interesting data were obtained on the radiation-

chemical synthesis of deoxynucleosides from deoxyribose and adenine, guanine,

and thymine. Synthesis was brought about by irradiation with cobalt rays

(doses of from 5.0 to 100.0"106 tad) of dry preparations of carbohydrates and

a base in argon. The presence of minerals had a definite effect on the yield

of reaction product. CuO and Fe203 definitely reduced the yield of
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deoxynucleosides. Results thus point to the possibility of an abiogenic
radiation-chemical synthesis under "primitive" earth conditions.

The work on the abiogenic synthesis of aminoacids, of nitrogenous bases,

and of carbohydrates under the effects of temperature (temperatures of regions
with active volcanic activity) are of interest in this sameplan. It was shown
that the stability of the aminoacids at a temperature of the order of 170°C

dependson the length of the carbohydrate chain (the shorter the hydrocarbon

chain, the more stable the amino acid). The compositions of the inorganic

rocks, on the surfaces of which the synthesis occurs, have a significant effect

on the resistance of the amino acids to heating. The effect of the oxides on

the decomposition of the amino acids (in the presence of 02 ) is to yield the

series ZnO>V205 a SiO2 , A1203, Fe203 > Ti02 > amino acid_ feldspar. The

resistance of amino acids to heat depends too on the nature of the atmosphere

in which the synthesis occurs. Available data lead to the assumption that amino

acids most resistant to heat participated in the long chemical evolution that

took place under the effect of heat energy.

As before, the primary problem remains that of detecting life on other

planets. Research therefore is continuing to develop methods of detecting extra-

terrestrial life.

The existence of optical activity (along with other methods) can be an

adequate condition for the establishment of the presence of life on a particular

planet as searches are made for possible forms of life on the Planets. Chemists /--84

however, do not exclude the possibility of abiogenic synthesis of optically

active substances under the conditions existing in space. Consequently, the

detection of optically active matter in an extract of planet soil cannot, in

and of itself, serve as proof of the existence of life. More reliable is the

appearance of variations in optical activity, something that would indicate de-

velopment of microorganisms in the nutrient, or of a requirement for one of the

isomers of racemate, as well as one of two optical isomers contained in the

medium. Connected with this has been the investigations of the rotation of Ol.-

tically active compounds when acted on by soil microflora. Preliminary data in-

dicate that the change in optical activity when acted on by soil microflora

is more rapid the richer the soil is in microorganisms.
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Themethodbased on the adenosine triphosphoric acid determination can be

used for direct soil analysis only if the soil contains a significant number

of microbic cells, and theseshould be destroyed in advance. A comparative

analysis was made of the various methods for destroying cells, and equipment

wa_ built capable of detecting 10 -13 g/ml of adenosine triphosphoric acid.

The best developed of the methods for detecting signs of life is that of

the determination of the radioactive carbon contained in the carbon dioxide

given off by a mixed culture of microorganisms which decQmpose the radioactive

organic matter in the nutrient. The introduction of radioactive compounds

directly into Martian soil, and the subsequent determination of the carbon di-

oxide given off, is recommended for use in searching for life only when the

bacteria content is relatively high, and when the soil is quite damp, something

that is necessary for the rapid decomposition of the organic matter by the

microorganisms. A new method for detecting life on a foreign planet, based on

a study of certain aspects of the gas exchange in the soil-atmosphere system,

is under development.

4. Medical and biological investigations of lunar soil. Heat and chemicals

were used in accordance with the program for microbiologic investigation of the

soil to sterilize Luna 16's boring mechanism rod prior to flight. The vacuum

receiving chamber on the ground too was sterilized in order to destroy its

"earth' microflora.

There was every reason to expect the existence of anaerobic bacteria

resistant to change in temperature, dessication, to vacuum conditions, and the

like, in the lunar soil. This is why the corresponding procedures were used

under laboratory conditions.

However, these procedures (conventionally used to show up "earth" micro- /__85

flora) failed to detect any forms of microorganisms. This not only points to

the absence of microbes, fungi, and viruses in the soil sample investigated,

but also to the fact that the device carried by Luna-16 was free of "earth'

microflora.

It was shownl experimentally that neither the soil particulates, nor an

aqueous extract of them, had a stimulating or inhibiting effect on the growth

of bacteria.
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The next stage involved study of the interrelationship between soil par-

ticulates and living cells of an organism, and, in particular, the interrelation-

ship with phagocytes. It is known that phagocytes are those cells belonging

to the organs of immunity, so are responsible for the protective reactions of

the organism. Results have shown that soil particulates were absorbed by

animal cells (those of mice, guinea pigs) when the animals were injected sub-

cutaneously, or intravenously, as well as by cells cultured outside the or-

ganism. Particulates caused no inflammatory reactions, and, since they were

inside the cells, had no toxic effect on them.

The possible toxic effect of the soil on earth organisms was investigated

in more detail, using animals in three series of experiments.

The result was to establish that the intraperitoneal injection of aqueous

infusions of substance had no significant effect on animal organisms. An

intraventricular injection of a suspension, and inhalation with air passed

through a layer of the soil, resulted in a moderate number of leukocytes in

the blood. Some reduction in the activeness of the cholinesterase of the blood

also was noted in the case of the intraventricular injection.

Pathomorphologic and histochemical investigation failed to show any sig-

nificant changes in the internal organs and tissues of the test animals used

in all three series of experiments.

The radiobiological experiments studied the effect of preliminarily in-

jected soil on the radioresistivity of mice. Processing of the data obtained

over a two-month period of observations has now been_completed, and analysis

has failed to reveal any marked effect of the lunar material on the radioresisti-

vity of animals.

The data from all the medical and biological investigations lead to the

conclusion that lunar soil has little biologically oriented activity. Future

research anticipates observations of the remote consequences of long-term

interactions between lunar soil and earth organisms.
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/86VI. Other Investigations

I. The Soviet space research program is defined in terms of finding com-

plex, systematic solutions for principal scientific and technical problems.

One of its directions is that of building permanent orbital stations to serve

science and the national economy. Stations such as these will make it possible

to expand considerably the scope of the problems investigated, and to do new

scientific and technical experiments.

The most _nportant stage of this journey is the flights of the Soyuz

spacecraft, during which principles concerned with control, maneuvering,

docking, and the functioning of the various on-board Systems are developed and,

simultaneously, complex problems that are concerned with the study of our

planet from space are solved.

The principal purpose of the flight of Soyuz.9, manned by pilot-cosmonauts

A. G. Nikolayev and V. I. Sevast°yanov (orbited on June I, 1970), was the study

of the long-term effect of spaceflight factors on the human body, andto verify

the fact that man can work actively under long-term weightlessness conditions.

Equally important was the task of studying the process involved in man making

the transition to the conditions of the earth's gravity after a long period of

weightlessness.

These tasks were carried out along with those of a comprehensive program

of scientific, technical, and medical-biological investigations and experiments.

The program envisaged the following as part of future improvements in the space-

craft, and its systems;

development of manual control and orientation systems, as well as methods

for using autonomous navigation equipment;

check of the orbital correction system and of the descent control system

under various conditions;

a series of experiments to investigate the structural members of the

spacecraft.

The cosmonauts, during the flight, observed the earth from deep space

with optical instruments, photographed geological and geographic objects for /87

purposes of geological cartography, and to establish probable regions of
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mineral deposits, and observedand photographedatmospheric formations and
snowcover boundaries.

A large part of the programwas devoted to special medical and biological

research and experimentation for purposes of studying all aspects of the effect

the factors involved in long space flight have on the human body.

The process of carrying out the program for the particular flight can be

characterized as one with a great many dynamic operations associated with

spacecraft orientation, and which were completed in sum several score times.

Many of the experiments and observations required that the spacecraft be oriented

in advance and then stabilized in that position by gyroscopes. This was a

manual procedure, usually, but shifting to automatic was done occasionally.

So-called twisting of the spacecraft in order to orient the panels of the

solar batteries with respect to the sun was done manually almost every day.

The spacecraft was oriented with respect to the earth several times during

the flight, when it was over the earth's shadow side. Automatic, semiauto-

matic, and manual control modes were used.

The purpose of the technical experiments was to test Soyuz 9 systems on

a long flight, to put the finishing touches on the new instruments in the

navigation and movement control systems, to determine the structural and dynamic

characteristics of the spacecraft, and the external disturbing factors.

A new automatic star orientation sensor providing dependable and accurate

orientation of the spacecraft against a background of strong light interferences

was flight tested. The tests made it possible to put the finishing touches on

the instrument and to select its characteristics in the best manner possible.

The visual optical-electronic instrument for manual orientation of the space-

craft on the earth when flying over the shadow side was successfully tested.

The experiments designed to perfect methods and equipment for autonomous

orbital navigation continued.

A procedure for finding an operational solution to navigation problems by

using the on-board computers was perfected in flight. It also can be used for

puzposes of redundancy, and to increase the dependability of flight control.

There was a whole series of experiments associated with study of the
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structural characteristics of the spacecraft. Measurementsof deformations in

the spacecraft causedby vacuumconditions and one-sided heating by the sun
were made. The spacecraft's inertia characteristics were defined more

accurately, and moments of inertia and the alig_nent of the main axes of

inertia were determined. The operation of the precision mechanisms and of the

optical units in space was studied. The cosmonauts used optical equipment to

determine the accuracy characteristics of the gyroscopic instruments in the

orientation and stabilization systems. Investigation of the nature, dynamics,

and brightness characteristics of luminous particles, and tests of new, highly

accurate illuminators providing for dependable operation of sensitive optical

components, continued throughout the flight.

The influence of the aerodynamically and gravitationally disturbed moments

on the dynamic characteristics and controllability of the spacecraft were

evaluated during the flight.

The crew, in the course of its medical and biological investigations,

carried out experiments designed to investigate the functions of the vestibular

apparatus, the function of external respiration, the dynamics of arterial

pressure, the nature of the sensitivity of the skin to pain, the contrast

sensitivity of the eyes, and the conservation of its characteristics by the

visual apparatus,the muscular strength of the hands,and muscle-joint sensiti-

vity.

All of these experiments were assigned in order to monitor the condition

of the cosmonauts, but were designed primarily for deeper study of man's capa-

bilities, of all of his organs to function no_nally under the conditions pre-

vailing on a long space flight.

The energy expended by the cosmonauts under flight conditions was calcu-

lated in order to obtain data for use in building optimal life support systems,

as well as for use in developing scientifically based food rations and water

requirements.

The cosmonauts conducted experiments at different stages of the flight to

investigate the transient processes involved in the manual control of space-

craft. These experiments were conducted with a special on-board analog com-

puter used to model various dynamic control modes. These experiments made it

/88
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possible to determine man's "transfer function' as a basic link in the control

system.

Theflight also included biologic experiments that provided interesting
material on certain questions of genetics and cytology.

Experimentsof importance to the national economytook up a good part of

the program. During the flight the cosmonautsrepeatedly observed and photo-
graphed for study the spatial structure of clouds, determined the limits of
the snowcover, and located gales, storms, and tropical cyclones.

The ground asked the crew for weatherreports on various regions of the

globe, and the crew made the observations and reported their results back to

the ground. The reports from the spacecraft on weather phenomena were used by

the Weather Service in its operational work.

The principal purposes of the experiment involving the photographing of

geographic and geologic objects on the earth's surface were to refine existing,

and compile new geologic maps for mineral prospecting.

During a combined experiment in the regions of the Northern Caucasus,

Caspian and Aral seas, Kazakhstan, and Western Siberia, the spacecraft took

photography at the same time that aircraft assigned to geologic reconnaissance

made photographic surveys of these same objects.

Measurements of the spectral brilliance of the sun, and of the earth's

day and night horizons, were particular aspects of the scientific experiments.

The luminous particles outside the spacecraft's ports were observed during the

flight, and their size, brightness, distance, and rate of movement, were deter-

mined.

The procedures that were to have been used for certain of the experiments

were changed in flight. The cosmonauts made the corrections upon recommenda-

tions from the Control Center. This resulted in better quality experiments be-

cause changed conditions were taken into consideration.

2. The extragalactic source of radio radiation 3C 120 was investigated.

From a comparison of the readings obtained by the gamma-telescope carried by

Kosmos-251 and Kosmos-264, it is concluded that there is a discrete source of

y-quanta with energy Ey a I00 Mev. The region of the possible location of the
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source is boundedby the coordinates _ 3.6h to 5.0h 4°= , 6 = to 9O, The

extragalactic source of radio radiation 3C 120 falls within this region. It

emits variable, irregular radiation at 2 to 6 cm wavelengths, and the maximum

coincides with the time of observation of the Y -quanta flux. The recorded

Y-quanta flux has a magnitude of (6.0 ± 2.3).10-4(cm2-sec) -I and a duration

of at least 5"105 seconds. If the flux is from 3C 120, the power of the flare

in y-rays is _2"1047 erg/sec. Figure 29 shows the magnitude of the excess

reading by the instrtunent in terms of the angle at which the gamma-telescope

"saw" 3C 120. The solid line is for the instrument function of the telescope,

obtained during calibration.
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Figure 29. Magnitude of the excess

reading of y-quanta flux from the

3C 120 source, as recorded by the

gamma-telescope.

3. Study of X-ray flares on the

sun by the equipment carried by

Interkosmos-4 (launched October 14,

1970) continued. Polarization of the

X-ray radiation from the flares in the

1 _ band was investigated. Prelimi-

nary analysis of data on two powerful

flares (optical flares classes 2 and

3) confirmed the results obtained by

Interkosmos.l in 1969; there was con-

siderable polarization for a few

minutes, until the main maximum of the

X-lay flare was reached.

The equipment also included a X-ray spectroheliograph. Spectra of the

hottest regions of the flares were obtained in the 1.7 to 2 _ band, with re-

solution 0.001 _. Observed in the case of both of the above-mentioned flares

was a considerable intensity of the Fe XXV ion lines and of the characteristic

X-ray lines K_. Figure 30 is an example of the spectrum. Moreover, the helio-

graph made bow scans of the sun with 20" resolution simultaneously in two

mutually perpendicular directions, recording radiation between 8 and 12 _, and

providing the structure of the active regions.

The rocket Vertikal'Jl, launched on November 28, 1970, as part of the Inter-

kosmos program, carried X-ray spectr_neters, and at a height of some 500 km ob-

tained the spectra of the active regions of the sun in the k = 5 to 19.5 A band.
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The instruments were mounted on two tracking systems together with the instru-

ments from Wroclaw University photographing the sun in the X-rays. Four re-

cordings of the spectrum in the 7.5 to 19.5 _ region, and one in the 5 to 8

region, were obtained while the instrumentation was operating above I00 _m

(10 minutes). Reliably recorded in the spectra were the lines for the hydrogen-

and helium-like ions of Si, Mo, and Ne, as well as the lines for the ions of

Fe XVII, Fe XVIII, and 0 VIII. The filters provided very high quality spectra,

free of scattered light.

The recording X-ray telescope carried by Lun khod 1 investigated the X-ray

background in spaces as well as discrete X-ray sources. The band was between

2 and 10 _, the collimator field was circular, with a 3° diameter, and time of

one exposure was 6 hours. The belt of the celestial sphere intersecting the

plane of the galactic in the region of the constellation Cygnus was scanned.

The results are being analyzed.
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Figure 30. X-ray spectrum obtained by Interkosmos.4 at 08h42 m UT

on October 24, 1970, during a 3B optical flare.

4. A rocket-type astrophysical observatory was launched on October 3, 1970,

to make a cemplex study of the sun and its individual regions. The flight

was over a vertical trajectory to a height of about 500 km.

This observatory comprised a set of scientific instruments mounted on a

special, oriented and stabilized, platform. Included were several X-ray

cameras built to receive radiation on different wavelengths, a unique camera,

an extraeclipsing (Lyot) coronograph, designed for taking global photography

of the corona at great distances from the edge of the sun's disk, a shortwave

spectrograph, a camera for photographing the chromosphere, and others.

Once the planned height was reached, the cover on the container opened

automatically, and the observatory became operational. When the program was

concluded the cover was closed, the container separated from the rocket, and

parachuted back to earth.

89



Analysis of the photographs showed a small, but extremely powerful source

of X-ray radiation at the edge of the sun°s disk. Preliminary estimates are

that the energy radiated from this source exceeds the total X-ray radiation

of the entire "quiet" solar corona. A comparison of the size of this source

with the size of the sun leads to the conclusion that its intensity is at

least tens of thousands of times greater than the intensity of the radiation

from the corona itself. The liberation of a tremendous amount of energy in

the form of X-ray flares, or of a strong local source is most possible during

thermonuclear processes. These processes usually take place in the stellar and

solar interiors. Data from this experiment reveal that these processes can

take place in the sun's surface layers9 and even in its atmosphere, from time

to time,

5. The year 1970, can be characterized as one in which stations were re-

outfitted, research was conducted using the meteor method, more modern research

procedures were developed, and a global network of radiometric wind stations

for researching the planetary circulation of the upper atmosphere was estab-

lishedo A complex of super-powerful radars was placed in service to record

meteors with stellar magnitudes of +12 to +14. These sets incorporated accurate

altimeters so data on the behavior of the coefficient of ambipolar diffusion

with height could be obtained, and the density and temperature of the upper at-

mosphere studied.

The first equatorial meteor expedition sent out by the Academy of Sciences

of the USSR to the Republic of Somali completed its work in 1970. A two-year

cycle of complex radar and optical measurements of meteors was made. Over

300,000 measurements of meteor track drifts were obtained. The materials

are being processed now. New data on the vertical wind component in the equa-

torial latitudes at heights of between 70 and II0 _n have been obtained.

Measurements of meteor track drifts at another eight points_ including

those in the Arctic and Antarctic, continued.

Various observatories in the country continued to investigate the rate

of meteor track drift under the influence of the earth's magnetic field, velo-

city of small-scale turbulence in terms of height, seasonal variations in

atmospheric density, and other factors.

--/92
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Statistical azimuthal radar observations of meteors were processed9 be-

ginning with 1964. Averaged distributions of the visual density of the

radiants from sporadic meteors were obtained. A special feature of the dis-

tribution is three maximal apex, solar, and antisolar. Results concerning the

fluctuations that occur in the space density of meteors during the year also

were obtained.

6. The radiant heat exchange with the nose of a blunt body as it moves

in air in the rangeU_ = I0 to 16 _n/sec was investigated. Line radiation

from atoms and ions makes a significant contribution to total radiant heating.

Systematic research on the aerodynamics of heat exchange of segmental bodies

also was conducted. The possibility of the formation of a pendulous shock wave

on the lee side as a result of the flow around elongated bodies at angle of

attack has been pointed out. Calculations of the nonequilibrium flow around

the frontal section of a segmental body at angle of attack, and calculations

of front and side surface boundary layers in the case of a three-dimensional

flow around the body, were made.

The influence of molecular transfer processes as bodies move in the upper

layers of the atmosphere is substantial. A continuous zone of viscid flow

forms ahead of the body, rather than a shock wave and a boundary layer. A

method for arriving at a numerical solution to the Navier-Stokes equation for

arbitrary Reynolds numbers was developed, and numerical methods were used to

show that with increase in Re comes the formation in front of the body of a

narrow zone of sharp change in parameters which becomes a shock wave when

Re _ _.

The year 1970 saw the completion of the research on the kinetics of the

excitation and dissociation of molecules of oxygen and nitrogen at the high

temperatures occurring in front of the nose cones of vehicles entering the

earth's atmosphere at hypersonic speeds. The values of the dissociation re-

action rates, and the times of vibrational relaxation, were measured for tem-

peratures up to 15 to 20 thousand degrees. The phenomenon of reduction in the

time of vibrational relaxation with the development of the excitation process,

associated with the anharmoniclty of molecule vibrations, was studied. A con-

siderable increase in the dissociation reaction rates in the near-equilibrium

region of the flow because of the Influence of the beginning of recombination
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was found. Systematic research on the structure of the strong shock wave pro-

pagating in the earth's atmosphere at up to I0 km/sec, and which took into

consideration the kinetics of excitation, dissociation, and ionization of mole-

cules, was completed. The elastic interaction of molecules and atoms in a

heated gas was investigated, and the kinetic coefficients (of viscosity,

thermal conductivity, diffusion) needed for use in making calculations of the

flow around bodies moving in the atmosphere of the air, and of other planets,

was investigated.

Results of experiments in the field of high-speed impact were processed

and systematized in 1970.

Established was the fact that when collison speed is high enough, the

interaction of a flying body with a semi-infinite barrier becomes explosive in

nature. The depth of the cavern (crater) that forms under this impact de-

creases, but its diameter increases sharply. It was found that the penetrative

capability of particles impacting the barrier at velocities in excess of 18

to 20 km/sec was less than that of particles doing so at Ii to 13 km/sec. The

relationships obtained made possible a new interpretation of the results of ex-

periments concerned with the penetration of panels made of different materials

in space and to merge these results with the results of measurements made of

the number of sporadic micremeteors obtained by using microphone pickups.

7. The development of a high-speed procedure for determining the orienta-

tion of an artificial earth satellite by using measurements of the earth's

magnetic field intensity vector, supplied by the satellite, was completed in

1970. This procedure is accurate enough to interpret the readings from the

scientific equipment and to do the operational processing of the great volumes

of measurement information obtained. This procedure was used to process the

magnetometric information received frem Proton-2, Proton-4, and Kosmos-196.

The result of the use of this procedure, together with the data on the orien-

tation of the scientific equipment in space, is a picture of the changes in

the parameters characterizing the rotation of the artificial earth satellite

around the center of mass in terms of time, something that is distinctively

different about the Proton satellites. Figure 31 shows the trace of the vector

of the kinetic moment of Proton-4 in absolute space. Figures are for the re-

volutions. It was found that there are long-period (25 to 30 revolutions)
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Figure 31. Trace of the kinetic mavent vector for Froton-4 in

absolute space.

variations in velocity and mode of rotation about the center of mass in the

case of the Proton type satellites, with the velocity change from 0.5 to 3

degrees per second. This rotation is connected with the effect of the aero-

dynamic moment, the great magnitude of which can be explained by the sizes of

the solar cell banks and the height of the perigee of the orbit.

8. Holniya-1 cccmunication satellites were launched on February 199

June 26, September 29_ November 27, and December 25_ 1970_ to support the

operation of the long distance telephone and telegraph radio communication

system, as well as to transmit programs b_oadcast by Central Television in the

USSR over the "OrbitW' network of stations located in individual regions of

the countryj access to which is difficult. The expansion of this network con-

tinued. The construction of ground stations in the cites of Okha_ Zeyap Uray_

Sovetskaya Gavan', and Bilibino was completed. Frograms broadcast by Central
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Television via Molniya-I communication satellites will be received by 35

stations by the beginning of 1971, The construction and planning of a number

of new stations continues,

Steps taken to further improve the technical capabilities of ground

stations, as well as of the entire space communication system s and to more

fully utilize those capabilities, have been successful,

The number of cities with telephone communication with Moscow over the

satellite communication lines has increased,
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/96VII. International Collaboration

Research on deep space by the Soviet Union in collaboration with the

socialist countries, France, and other states, continued in 1970.

Work under joint programs was carried out in the field of space physics,

meteorology, communication, space biology, and medicine.

Collaboration with the socialist countries in investigating the physical

properties of deep space included joint efforts in studying the upper atmos-

phere, the magnetosphere, sun and solar-earth communications, cosmic rays,

the solid component of interplanetary matter, and geophysical and geodesic re-

search using observations made from artificial earth satellites.

Kosmos-321, carrying the Soviet-built coherent radio transmitter "Mayak,"

was launched on January 20, 1970, in order to solve problems of upper atmosphere

research. The transmitter's signals were received by ground receivers in

Bulgaria, the German Democratic Republic, Cuba, Poland, Rumania, the Soviet

Union, and Czechoslovakia. The data obtained were used to calculate the total

content of electrons, the scale of the inhomogeneity in the concentration of

particles and other of the characteristics of the ionosphere. This research is

a continuation of the work that was begun by Interkosmos-2 (launched on Decem-

ber 25, 1969), which carried a coherent radio transmitter manufactured by ex-

perts in the German Democratic Republic. The results of the two experiments

were discussed at a joint seminar of experts from the participating countries

in November 1970.

Kosmos-348 was launched on June 13, 1970, to continue the work begun by

Kosmos-261, which had been launched in January 1968, in measuring variations in

upper atmosphere parameters associated with aperiodic disturbances in solar

activity. It has been tradition for many of the socialist countries to parti-

cipate in work along this line, with their efforts devoted to cacDjiaS out

broad and varied program of joint ground measurements while the satellite is

functioning.

Upper atmosphere research also was carried out by the rocket Vertikal'-l, L97

the first geophysical rocket, which was launched on November 28, 1970, in

accordance with the program for collaboration with the socialist countries in

deep space research. Concentrations of electrons and positive ions, and
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electron temperature, were measured and the distribution of these parameters

in terms of height was determined. Equipment was manufactured in the German

Democratic Republic and in the USSR. Bulgarian and Czech experts participated

in equipment design. A significant contribution to the investigation of short-

wave radiation from the sun was made by the scientific equipment developed

by experts in Poland, the Soviet Union, and Czechoslovakia and installed in a

special, recoverable container in the rocket. The recovery of the equipment,

envisaged in this experiment, resulted in photography of solar phenomena at

various wavelengths being obtained on the ground for future laboratory analysis.

Hungarian, Czech, and Soviet experts also used this rocket to investigate

meteor particles.

Interkosmos-3 (launched on August 7, 1970) carried Czech and Soviet equip-

ment to investigate the magnetosphere and cosmic rays. The four months of

active functioning of this satellite resulted in the obtaining of much scien-

tific material which now is being processed and analyzed by those who took

part in the work. Observatories in Bulgaria, the German Democratic Republic,

Poland, the USSR, and Czechoslovakia participated in the accompanying ground

measurements.

Interkosmos-4, launched on October 14, 1970, investigated shortwave radia-

tion from the sun and its influence on the structure of the earth's upper

atmosphere. These measurements continued the work begun by Interkosmos-I

(launched on October 14, 1969). The equipment for this purpose was improved

by its developers, experts in the German Democratic Republic, the USSR, and

Czechoslovakia. Observatories in Bulgaria, Hungary, the German Democratic

Republic, Poland, Rumania, the USSR, and Czechoslovakia, carried out programed

radioastronomical, ionospheric, and optical observations simultaneously with

those made by the satellite. Chapter II contains a detailed description of

these efforts.

Among the other joint efforts, those by the ground observatories in the

collaborating countries made a significant contribution during this past year.

These investigations were made simultaneously with satellite observations, as

well as within the framework of independent joint programs. To he noted in

particular among these latter is the joint effort to observe artificial earth
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satellite movement, an effort that has yielded a wealth of material for research

in the fields of geophysics and geodesy. An important point about these in-

vestigations is the decision to develop joint efforts in the fleld of laser

observation stations, Equipment for making similar measurements is being

built in a number of the collaborating countries under agreed plans,

Joint efforts to investigate the physical properties of deep space were

discussed at the 7th Conference of the Franco-Soviet Working Group (Yerevan,

November 1970), at which time summaries of joint experiments already in progress

were presented.

An important stage of the work in the field of laser location of the moon

was completed in 1970. Luna 17 delivered a laser reflector manufactured by

French experts to the surface of the earth's natural satellite, Successful ob-

servations made in the Soviet Unlonby the Crimean Astrophysical Observatory

of the Academy of Sciences of the USSR, and in France by the Pic du Midi Obser-

vatory, provided independent, highly accurate measurements of earth-moon

system parameters, In the very first experiments the distance to the laser re-

flector wasmeasured with an error of ± 3 meters.

Important stages of other joint projects also were completed, particularlys

successful observations of movements of artificial earth satellites by

the Franco-Soviet station for optical observations on Eerguelan Island (France)

equipped with the AFU-75 automatic cameraj

the next scheduled stage of the investigation of the magnetosphere by

automatic balloons and ground equipment in the magnetically contiguous regions,

Arkhangel"skaya Oblast' (USSR) - Kerguelen Island (France)J

continuation of observations of galactic sources of radio radiation with

Soviet equipment on the French radio telescope in Nancy.

In 1970, preparations were made for other experiments, accomplishment of

which is planned for the near future,

The USSR was successful in developing collaboration with other countries

in the field of space communications. Particular attention was given to

strengthening and expanding this collaboration with the socialist countries.
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Work continued on the establishment of an international system and on the

organization of space co_uunications, "Intersputnik,"

Experts in the USSR and in France have developed ways to further improve

the quallty of the communication line between Moscow and Paris via the ccQ-

munlcatlon satellites Molniya-l. Efforts to automate the monitoring and

measuring of quality of televislon channels via these same satellltes were

summarized.

Experimental transmissions of color television signals by the SEKAM

system via the Moscow-Parls space line were sent in February, August, and Sep-

tember 1970.

The joint efforts of Soviet and French specialists in this field resulted

in high quality transmissions via the Molniya-I communication satellite of color

television programs, complete with the audio, reporting the arrival in the USSR

in October 1970, of President Georges Pompideau of France.

The planning of joint scientific research by the socialist countries in

the field of space meteorology continued, and measuring equipment for rocket

experiments was developed,

Scientific s_aries of joint efforts in 1968 and 1969, were presented

to the spring 1970 symposium on satellite meteorology at the Hydrometeorologlcal

Center in the USSR,

The III Conference of the Permanent Working Group on Space Meteorology

met in Cracow (Poland) in April 1970. The conference reviewed the results of

joint work done, refined working plans and programs for future research, and

discussed suggestions for future planning for the 1971-1975 period.

Preliminary work is in progress for joint measurements in the near future

of wind and atmospheric density by the falling spheres method. The equipment

for these experiments has been manufactured by experts in the German Democratic

Republic.

A series of experimental comparative measurements of drifts of meteor

tracks were made in September 1970, using Soviet radio equipment installed in

the German Democratic Republic, during which valuable data were obtained.
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Joint efforts on the part of the USSR and the German Democratic Republic

have begun on the building of spectral equipment with high resolution for

vertical probing of the atmosphere in the infrared region with meteorological

satellites.

Experts from the USSR, the German Democratic Republic, and Czechoslovakia

have been testing ground equipment for receiving images of cloud cover trans-

mitted by weather satellites using direct transmissions.

In September 1970, Soviet and French scientists conducted the third joint

experiment on the simultaneous photographing of cloud cover over France by

the Soviet weather satellites Meteor-4 and Meteor.5 and the French spherical

probes Coulomb,

Nine Soviet MR-12 rockets carrying French and Soviet equipment for study-

ing the temperature of the high layers of the atmosphere using artificially

illuminating clouds were launched from Hayes Island (Franz Josef Land) in the

spring of 1970,

Simultaneously cycles of measurements of wind at heights of from 80 to

100 km, using radar to follow meteor tracks, are in progress in accordance

with an agreed program in Garche (France) and Obninsk (USSR).

Materials from the experiments conducted in 1969, with the Dragon-FB

rockets have been processed,

In the field of space biology and medicine, work continued by experts frem

the socialist countries on space physiolo&7, radiation safety on space flights,

and in seeking means of providing pharmacological-chemical protection against

ionizing radiation from deep space.

Discussed at the Scientific Symposium on Problems of Space Biology and

Medicine (Budapest, September 1970) were some of the summaries of joint re-

search, plans were agreed upon, and programs for the 1971-1975 period were de-

veloped,

Active work was done in 1970 on the writing of the joint Soviet-American

Foundationsof Space Biology and Medicine. Two meetings of the joint editorial

board were held and it was stated that the writing of the first stage of the

work is moving along quite successfully. The exchange of preliminary materials

by chapters is in excess of 50 percent, and there is every reason to believe
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that the first stage will be completed by July 1971. The authors of ten

chapters have been named. It is the responsibility of the authors to com-

bine Soviet-Amerlcan data and to write the final version of the chapters in-

dicated.

Two of th_, should be delivered to the editorial board by July 31, 1971,

so they can be reviewed at the next joint meeting in September in Moscow.

It can be assmned that the editorial board will name the authors for the

chapters in all three volumes of the work at the next meeting.
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VIII. Launches of Space Vehlcles in the USSR in 1970 /--101

Date of
No.

launch

January
1 9

2 15

3 16

4 20

5 21

February
6 10

7 19

8 27

March

9 4

10 13

11 17

12 18

13 27

April
14 3

15 7

16 8

17 11

18 15

19 23

20 24

21 25

22 28

May
23 12

23 20

June

25 1

26 10

27 12

28 13

29 17

30 23

31 26

Name of

vehicle

Kosmos- 318

Kosmos.319

Kosmos-320

Kosmos -321

Kosmos. 322

]Cosmos. 323

Molniya-1

Kosmos -324

Kosmos-325

Kosmos.326

Meteor

Kosmos-327

Kosmos-328

Kosmos.329

Kosmos-330

Kosmos-331

Kosmos,332

Kosmos-333

Kosmos-334

Kosmos-335

Kosmos.336-

Kosmos-343

Meteor

Kosmos,344

Kosmos-345

_gee, Perigee,

295 204
537 209

342 240
507 280
337 200

333 206

9,175 487

492 283

348 207
393 212
643 555

855 279
340 213

240 202

548 514
347 213
786 755

265 217
508 281
415 254

1500 1400

736 637

347 206

276 193

Soyuz,9 220 207
Kosmos.346 289 201
Kosmos-347 2073 223

Kosmos-348 680 212
Kosmos-349 350 203

Meteor 906 863
Kosmos-350 i267 204

Inclina-

tion of
orbit to

plane of

equator,

degrees

65

82
48.5

71
65.4

65.4

65.3

71

65.4

81.4

81.2

71

72.9

81.3

74.1
65

74.5
81.4
71

48.7
74

81.2

72.9

51.8

51.7

51.8

48.4

71

65.4

81.2

51.8

]

Period

of re-

volu-

tion,
min.

89.3

102

90

92

89.7

89.7
11 hours

43 min

92

Notes

89°8

90.2

96.4

95.6

89.7

88.8

95,2

89,9

I00

89.1

92.1

91

115

98,1

89.8

89.1

88.59

89.3

108

93

89.8

102

89.06

Satellites orbited

by one carrier
:ocket
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N(

3_

3:

3L

36

37

36
3_

4C

41

42
43

4_

45

4_

47

48

49

5C

51

52
53

54
55
56

Date of

launch

26

27

July
7

9

29

August

Name of
vehicle

Molnlya.l

Kosmos .35S

Kosmos.352

Kosmos-353

Kosmos.35_

7 Interkos-

mos. 3

Apogeej
km

39,280

494

309

309

208

Perigee,
km

470

282

205

211

144

7

I0

17

19

20

22
29

September
8

12

16

17

22
25
29

October

1

3

8

8

9

Kosmos.35_

Kosmos-356

Venera-7

Kosmos.357

Kosmos.358

Kosmos-359

Kosmos-360

Kosmos.361

Luna-10

Kosmos,362

Kosmos.363

Kosmos,364

Kosmos.365

Molnlya-I

Kosmos-366

Kosmos-367

Kosmos-368

Kosmos-369

Kosmos-370

1320

342
600

500

549

910

318

326

854

324

330

210

39,300

207

202
240

282
517

210

209

207

281

210

211

144

480

310

1030

421

534

307

206

932
212
278
208

rlnclina-

tiq_ of_
OrD1t tO

Plane of

equator,
degrees

65

71

51.8

65.4

50

49

65.4
82

71

74

51.5

65

72.9

71
65

65.4

49.5

65.5

65

65.3
65

71

65

_Pe_od .,r

volu ;I

tioni /

min. l
II hours

45 mln.

92

89.5

89.4

99.8

89.7

92.6

92

95.2

95.5

89.5

89.6

95.7

89.6

89.6

11 hours

46 min. l

89.5

104.5

90.6

92.3

89.5

Notes

Vehicle reached the

surface of Venus on

15 December

Vehicle made a soft /103
u

landing on the moon

on 20 September. As-

cent stage automatic-

ally launched from
lunar surface on 21

September. Descent ve-

hlCle delivered lunar

soll sample to earth

on 24 September.
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_Date ofNo launch

57

58

59
6O

61

62

63

64

65

66

67
68

69
70

71

72

73

74

75
76

77
78

79
80

81

Name of

vehicle

12

14

15

16

20

20

Kosmos-371

[nterkosmos-

4

Meteor

Kosmos-372

Zond,8

Kosmos.373

23

30

30

Novembe,

I0

11

17
24
24

27

December

2
2

3

10

12

15

16

18

18

25

Kosmos-374

Kosmos-375

Kosmos-376

Luna-17

Kosmos.377

Kosmos-378

Kosmos.379

Kosmos,380

Molniya-1

pogee,
km

780

668

674

828

553

2153

2164

311

305
1763

253
1548

39,430

Kosmos.381 1023

Kosmos.382 5040

Kosmos-383 293

Kosmos,384 314

Kosmos-385 1005

Kosmos-386 275

Kosmos-387 560

Kosmos-388 I 532

Kosmos-389 699

Molnlya-1 !39,600

Perigee,
km

754

263

633

786

490
536

538

216

208

241
198

210
435

985

320

208

212
982
207

528
281
655

480

Inclina-
tion of
orbit to.

plane of

equator_

de_rees

74

48.5

81.2

74

62.9

63

63

65.4

65

74

51.6

82

65.3

74

51.58

65.4
72.9

74
65

74
71
81

65

Period

_f re-

_olu-

_ionj

_ino

99.9

93.6

97.5

100.8

94,8

112.3

112.4

89.5

Notes

Made earth landing
_on 27 October

Made soft landing on
the moon on 17 Novem-

berw deliverlnE

Lunokhod-l, the auto-

matic, self-propelled
vehicle to the lunar

surface

89.4

105

88.7

102.2

II hours

47 min.

YLL
23 min.

89.3

89.5

104.8

89.2

95,3

92.3

98.1

ill hours

52 min.

1104
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Investigation of the Upper Layers of the Atmosphere. Use of

Artificial Earth Satellites for Weather Service Purposes.

Aktinometriya i optika atmosfer[ [Actinometry and Atmospheric Optics],

Leningrad, Gidrometeoizdat, 1969.

Andreyev, L.A., Uvarov, D.B.,"Izmereniye skorosti vetra i koeffitsiyenta

diffuzii po svetyashchimsya oblakam AIO na o. Kheysa" [Measuring Wind

Velocity and the Diffusion Coefficient for Noctilucent AIO Clouds on

Hayes Island], Trudy IEM [Proceedings of the Institute of Electro-

mech anics, No.16, Leningrad, Gidrometeoizdat, 1970.

Antonova, L.A., Ivanov-Kholodnyy, G.S._ Medvedev, V.S., "Measurement of

the Energy Spectrum of the Electron Flux in the Upper Atmoshpere in

the "Sun-Atmosphere 1969" Experiment," In: Issledovaniya atmosfery i

ionosfer 7 v period povyshennoy solnechnoy aktivnosti [Research

on the Atmosphere and Ionosphere in a Period of Heightened Solar Ac-

tivity], Leningrad, Gidrometeoizdat, 1970.

Astapovich, I.S., Terent'yeva, A.K., "Properties of the Upper Atmosphere

Based on Soviet Meteorological Data (196&-1967)," Komety i meteorT,

AN TadzhSSR, Astronomical Council of the AN SSSR, No.18, 1970.

Afashagov, M.S., "Raschet nelineynykh vnutrennikh voln v dvusloynoy atmos-

fere" [Calculation of Nonlinear Internal Waves in a Two-Layer Atmo-

sphere], Izv. AN SSSR, Fizika atmosfery i okeana [News of the AN SSSR,

Physics of the Atmosphere and Ocean], Vol.6,No.8, 1970.

Barashkova, Ye.P. Prokof'yeva, L.I., Sidorenko, G.P., "K voprosu ob uglovom

raspredelenii voskhodyashchego dlinnovolnovogo izlucheniya" [Toward

the Problem of Angular Distribution of Ascending Long-Wave Radiation],

Trudy GGO [Proceedings of the Main Geophysical Observatory], No.235,

Leningrad, Gidrometeoizdat, 1970.

Basharinov, A.Ye., Gurvich, A.S., "Investigation of Radio Emission of the

Earth's Surface and the Atmosphere on the 'Kosmos-2&3' Satellite,"

Vestn. AN SSSR, No.lO, 1970.

Basharinov, A.Ye., Gurvich, A.S., Tuchkov, L.T., Shifrin, K.S., "Issled-

ovaniye polya radioteplovogo izlucheniya Zemli" [Investigation of the

Field of Radiothermal Radiation of the Earth], Izv. AN SSSR I Fizika

atmosfer[ i okeana [News of the AN SSSR, Physics of the Atmosphere

and Ocean], Vol.6, No.&, 1970.

Basharinov, A.Ye., Mitnik 9 L.M., "Anomalies of the Moisture Field Above

the Oceans Based on the Data of Radiometric Microwave Measurements

With the 'Kosmos-2&3 Artificial Earth Satellite," Meteorologiya i

0idrologiya, No.12, 1970.

/_1o5

lO&



Beletskiy, V.V., Zmiyevskaya, G.I., Marov, M.Ya., "On the Determination of

the Parameters of the Atmosphere Based on the Data of the Deceleration

of the 'Proton-2' Satellite with a Consideration of its Orientation,"

Kosmich. issled., Vol.8, No.6, 1970.

Belotserkovskiy, M.B., Sokolov, V.A., "A Possible Means of Measuring the

Temperature of the Neutral Component of the Upper Atmosphere Above 150

km," Kosmich. issled., Vol.8, No.3, 1970.

Blamon, Zh.Ye., Shanen, M.L., Mayyar, M., Andreyeva, L.A., KatasMv, L.A.,

Poloskov, S.M., Tulinov, G.F., Uvarov, D.B._ "Raketnyye izmereniya

temperatury i vetra verkhney atmosfery v polyarnoy oblasti metodom is-

kustvennykh svetyashchikhsya oblakov" [Rockets Measurements of the Tem-

perature and Wind of the Upper Atmosphere in the Polar Region by the

Method of Artificial Noctilucent Clouds], Dokl. AN SSSR [Reports of

the AN SSSR], Voi.193, No.5, 1970.

Blamon, Zh.Ye., Shanen, M.L., Mayyar, M., Poloskov, S.M., Tulinov, G.F.,

"Measurement of the Temperature of the Thermosphere of the Central

Arctic with the Aid of Artificial Noctilucent Clouds," Meteorologiya

i gidrologiya, No.ll, 1970.

Boldyrev, V.G., Vetlov, I.P., "Spatial and Time Variability in Outgoing

Radiation," Meteorologiya i gidrologiya, No.lO, 1970.

Borisov, V.N., Markov, I.M., "Methodology and Instrumentation for Measuring

the Transmission Factor of the Atmosphere," Optiko-mekhanicheskaya

promyshlennost', No.9, 1970.

Bragin, Yu.A., "An Investigation of the Sign of the Volume Charge of the

Atmosphere up to an Altitude of 86 km," Kosmich. issled., Vol.8, No.3,

1970.

Bragin, Yu.A., "On the Equation of the Balance and the State of the Inves-

tigation of Charged Particles in the Stratoshpere and Mesosphere,"

Geomagnetizm i aeronomiya, Vol.lO, No.3, 1970.

Bugayev, V.A., Popova, T.P., "An Analysis of the State of the Atmosphere

Based on a Photograph from an Altitude of 70,0OO km, Taken on 8 August

1969, by the 'Zond-7' Space Station," Meteorologiya i gidrologiYa , No.L,

197o.

Bugayev, V.A., Popova, T.P., Shatalov, V.A., "Structure of the Cloudiness

in the Center of a Cyclone Based on Photographs from the 'Soyuz-_'

Space Ship," Meteorologiya i gidrolg_iya , No.3, 1970.

Vel'tishchev, N.F., Ugryumov, G.V._ "A Mechanism for the Formation of

Banks of Convective Cloudiness," Meteorologiya i gidrolo_iya, No.9, 1970.

Viktorova, A.A., Zhevakin, S.A., "Pogloshcheniye mikroradiovoln dilorami

vodyanogo para atmosfery" [Absorption of Micro Radio Waves by Dilors

(sic) of Atmospheric Water Vapor], Dokl. AN SSSR [Reports of the AN SSSR],

Voi.194, No.3, 1970.

/_1o6

io5



Golubev, Ye.N., Mikhnevich, V.V., Trishina, Yu.M., "Determination of the

Parameters of the Atmosphere in the Transition Zone at Altitudes of

80 to 120 km," Kosmich. issled., Vol.8, No.3, 1970.

Gordiyets, B.F., Markov, M.N., Shelepin, L.A., "On Mechanisms of Infrared

Radiation of the Upper Atmosphere," ibid.

Gorelik, A.G., Tolstykh, V.G., "Opredeleniye koeffitsiyenta turbulentnoy

diffuzii v svobodnoy atmosfere pri pomoshchi dipol'nykh otrazhateley"

[Determination of the Coefficient of Turbulent Diffusion in a Free

Atmosphere by Means of Dipole Reflectors], Izv. AN SSSR [News of the

AN SSSR], Vol.6, No.6, 1970.

Gorodetskiy, A.K., Malkevich, M.S., Orlov, A.P., Timofeyeva, V.I., "Nekotoryye

rezul'taty izmereniy izlucheniya v intervale spektra 10-12 mkm so sputnika

'Kosmos-2_3'" [Some Results of Radiation Measurements in the 10-12 Micron

Spectral Interval from the 'Kosmos-2_3' Satellite], Izv. AN SSSR? Fizika

atmosfery i okeana [News of the AN SSSR, Physics of the Atmosphere and

Ocean], Vol.6, No.5, 1970.

Gorchakova, I.A., Malkevich, M.S., Turchin, V.F., "Opredeleniye vertikal'nogo

profilya vlazhnosti atmosfery po izmereniyam sobstvennogo izlucheniya

Zemli" [Determination of the Vertical Profile of Atmospheric Moisture

Based on Measurements of the Earth's Own Radiation], Izv. AN SSSR, Fizika

atmosfery i okeana [News of %he AN SSSR, Physics of %he Atmosphere and

Ocean], Vol.6, No.6, 1970.

Gurvich, A.S., Demin, V.V., Dombkovskaya, Ye.P., "Use of Satellite Charts

of the Total Moisture Content in a Synoptic Analysis," Meteorologiya i

gidrologi[a, Noo8, 1970.

Gurvich, A.S., Demin, V.V., "Opredeleniye obshchego vlagosoderzhaniya v

atmosfere po izmereniyam na ISZ 'Kosmos-243'" [Determination of the

Total Moisture Content in the Atmosphere Based on Measurements by the

'Kosmos-2&3' Artificial Earth Satellite], Izv. AN SSSR_ Fizika atmosfer 7

i okeana [News of the AN SSSR, Physics of the Atmosphere and Ocean],

Vol.6, No.I, 1970.

Dmitriyeva-Arra0o, L.R., Samoylova, L.V., "K raschetu korotkovolnovoy radiatsii

v skheme obshchey tsirkulyatsii atmosfery" [Toward a Calculation of Short-

Wave Radiation in the Scheme of Total Atmospheric Circulation], Izv.

AN SSSR? Fizika atmosfery i okeana [News of the AN SSSR, Physics of the

Atmosphere and Ocean], Vol.6, No.I, 1970.

Dmitriyeva-Arrago, L.R., Samoylova, L.V., "Ob uchete vertikal'nogo raspre-

deleniya vodyanogo para, al'bedo podstilayushchey poverkhnosti i izmen _

eniya vysoty Solntsa pri raschetakh korotkovolnovoy radiatsii v skheme

obshchey tsirkulyatsii atmosfery" [On the Calculation of the Vertical

Distribution of Water Vapor and the Albedo of the Underlyins Surface and

the Measurement of the Height of the Sun When Calculating Short-Wave

Radiation in the Scheme of Total Atmospheric Circulation], ibid.

lO6



Dmitriyeva-Arrago, L.R., Kondrat'yev, K.Ya., Nikol'skiy, G.A., Samoylova,

L.V., "On the Scheme of Calculating Short-Wave Radiation Flows in the

Atmosphere," Geomagnetizm i aeronomiya, Vol.lO, No.8, 1970.

/._10'

Zhvalev, V.F., Ter-Markaryants, N.Ye., "Rezul'taty raschetov ukhodyashchey

radiatsii v intervale spektra 3-18 mkm dlya nekotorykh rayonov Sovetsko9o

Soyuza" [Results of Calculations of Ou---'tgoing Radiation in the 3-18 Micron

Spectral Interval for Certain Regions of the Soviet Union], Trudy GGO

[Proceedings of the Main Geophysical Observatory], No.252, Leningrad,

Gidrometeoizdat, 1970.

Zhlud'ko, A.D., Poloskov, S.P., Pokhunkov, A.A., Teslenko, V.P., Shidlovskiy,

A.A., Ivanov, Yu.V., "Mass Spectrometric Investigations of the Ion and

Neutral Composition of the Upper Atmosphere by Means of the MR-12 Rocket,"

Meteorologiya i gidrologiya, No.3, 1970.

Zhugzhda, Yu.D., "Properties of Low-Frequency Oscillating Convection in a

Strong Magnetic Field," Astronom. zh', Voi.47, No.2, 1970.

Zilitinkevich, S.S., Dinamika pogranichno@o sloya atmosferv [Dynamics of

an Atmospheric Boundary Layer], Leningrad, Gidrometeoizdat, 1970.

Zubkovskiy, S.L., Koprov, B.M., "0 balanse turbulentnoy energii v pogranichnom

sloye atmosfery" [On the Balance of Turbulent Energy in the Atmospheric

Boundary Layer], Izv. AN SSSR 7 Fizika atmosfery i okeana [News of the

AN SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.lO, 1970.

Zuyev, V.Ye., RasprostraneniTe vidimTkh i infrakrasnykh voln v atmosfere

[The Distribution of Visible and Infrared Waves in the Atmosphere],

Moscow, "Sovetskoye radio" Press, 1970.

Ivel'skaya, M.K., Ivanov-Kholodnyy, G.S., Katyushina, V.V., Klimov, N.N.,

"Daily Variations in Oxygen at Altitudes of 65 to 200 km," Geomagnetizm

i aeronomiya, Vol.lO, No.6, 1970.

Izakov, M.N., "On the Heating Function of the Thermosphere. I," Geomagnetizm

i aeronomiya, Vol.lO, No.6, 1970.

Izakov, M.N., Morozov, S.K., "On the Heating Function of the Thermosphere.

II," Geomagnetizm i aeronomiya, Vol.lO, No.&, 1970.

II'ichev, Yu.D., Lysenko, I.A., Orlyanskiy, A.D., Petruchek, T.P., "Results

of Wind Measurements in the Upper Atmosphere Above Antarctica by the

Method of Radar Detection of Meteor Trails," Meteorologiya i gidrologiya,

No.12, 1970.

"Issledovaniye radiatsionnykh protsessov v atmosfere i voprosy sputnikovoy

meteorologii" [An Investigation of the Radiation Processes in the Atmosphere

and Problems of Satellite Meteorology], Trudy GGO [Proceedings of the

Main Geophysical Observatory], No.235, Leningrad, Gidrometeoizdat, 1970.

Istomina, L.G., Makkevich, M.S., Syachinov, V.I., "0 prostranstvennoy

strukture polya yarkosti Zemli po izmereniyam so sputnika 'Kosmos-l_9'"

lO7



[On the Spatial Structure of the Field of Brightness of the Earth Based

on Measurements from the 'Kosmos-149' Satellite], Izv. AN SSSR_ Fizika

atmosfery i okeana [News of the AN SSSR, Physics of the Atmosphere and

Ocean], Vol.6, No.5, 1970.

Kanaskov, I.Ya., Purganskiy, V.S., "Determination of Wind Velocity in a

Large-Scale Atmospheric Vortex Based on Data on Cloudiness Obtained from

an Artificial Earth Satellite," MeteorologiTa i @idrologiya, No.7, 1970.

Kislyakov, A.G., Numov, A.I., "Opticheskaya tolshchina atmosfery v diapazone

voln 1,9-2,8 mm" [Optical Thickness of the Atmosphere in the 1.9 to 2.8

mm Wave Bands-_ Izv. AN SSSR! Fizika atmosfer 7 i okeana [News of the AN

SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.3, 1970.

Kitaygorodskiy, S.A., Fizika vzaimodeystviya atmosfery i okeana [Physics of

the Interaction of the Atmosphere and Ocean], Leningrad, Gidrometeoizdat,
1970.

Kondrat'yev, K.Ya., "Possibilities of Studying Atmospheric Pollution by Means

of Satellites," Meteorologiya i gidrologiya, No.9, 1970.

Kondrat'yev, K.Ya., Volynov, B.V., Gal'tsev, A.P., Smoktiy, O.I., Khrunov,

Ye.V., "Analiz rezul'tatov spektral'nykh issledovaniy sumerechnogo oreola

zemnoy atmosfery s kosmicheskogo korablya 'Soyuz-5'" [An Analysis of the

Results of Investigations of the Twilight Aureole of the Earth's Atmo-

sphere from the 'Soyuz-5' Spaceship], Izv. AN SSSR? Fizika atmosfery i

okeana [News of the AN SSSR, Physics of the Atmosphere and Ocean], Vol.
6, No._, 1970.

Kondrat'yev, K.Ya., Timofeyev, Yu.M., Termichesko[e zondirovaniye atmosfery

so sputnikov [Thermal Atmospheric Sounding from Satellites], Leningrad,

Gidrometeoizdat, 1970.

Kondrat'yev, K.Ya., Neporent, B.S., Pokrovskiy, A.G., "O vozmozhnostyakh

spektral'nykh izmereniy soderzhaniya vodyanogo para v stratosfere i

mezosfere" [On the Possibilities of Spectral Measurements of the Content

of Water Vapor in the Stratosphere and Mesosphere], Izv. AN SSSR 7 Fizika

atmosfer 7 i okeana [News of the AN SSSR, Physics of the Atmosphere and

Ocean], Vol.6, No.9, 1970.

_/108

Koprova, L.I., Boldyrev, V.G., "O statisticheskikh kharakteristikakh ver-

tikal'noy struktury poley temperatury i vlazhnosti do bol'shikh vysot"

[On the Statistical Characteristics of the Vertical Structure of Fields

of Temperature and Moisture up to Great Altitudes], Izv. AN SSSR T Fizika

atmosfery i okeana, Vol.6, No.2, 1970.

Krasnopol'skiy, V.A., "Nitric Oxide at Altitudes of iOO to 220 km Based on

Data of the 'Kosmos-22&' Satellite," Geomagnetizm i aeronomiya, Vol.lO,

No.5, 1970.

Krasnopol'skiy, V.A., "Measurement of Day Airglow in the 1800-6OOO _ Range

on the 'Kosmos-22_' Satellite," Geomagnetizm i aeronomi[a, Vol.lO, No.4,
1970.

lO8



Logvinov, K.T., Meteorologicheskiye parametr_ stratosfer[ [Meteorological

Parameters of the Stratosphere], Leningrad, Gidrometeoizdat, 1970.

Lysenko, I.A., Portnyagin, Yu.I.,"Prilivnyye variatsii davleniya verkhney

atmosfery po dannym o dreyfakh meteornykh sledov" [Tidal Variations in

the Pressure of the Upper Atmosphere Based on Data on the Drifts of

Meteor Trails], Izv. AN SSSR 7 Fizika atmosfery i okeana [News of the

AN SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.7, 1970.

Markov, M.N., "On the Geography of Layers of Infrared Radiation of the

Upper Atmosphere (Based on Data from the 'Kosmos-65' Artificial Earth

Satellite)," Kosmich. issled., Vol.8, No.6, 1970.

Mashkovich, S.A., Veyl', I.G., "On Large-Scale Atmospheric Processes with

'Negative Viscosity'," Meteorologiya i gidrologiya, No.8, 1970.

Mashchenko, V.A., Konkin, G.A., "A Method of Determining the Broad Overlappin!

of the Fields of Vision of Artificial Earth Satellites Used for Meteor-

ological Purposes," MeteorologiTa i gidrologiTa , Nooll, 1970.

Mitnik, L.M., Shutko, A.M., "On the Influence of the Condition of the Sur-

face of the Sea on the Accuracy of Determination of the Moisture Content

of the Atmosphere and the Water Content of Clouds When Taking Radiometric

Measurements from Artificial Earth Satellites," Meteorologiya i gidrologi_

No.lO, 1970.

Mikhnevich, V.V., Solonenko, T.A., "Variations in Atmospheric Parameters in

.the Period of Magnetic Storms," Kosmich. issled., Vol.8, No.l, 1970.

Mishina, L.S., Praktika nefanaliza [The Practice of Oil Analysis], Leningrad,

Gidrometeoizdat, 1970.

Musayelyan, Sh.A., et al., "Problems of Using the Data of Weather Satellites

in Numerical Analysis and Prognosis," Meteorologiya i gidrologiya, No.12,

1970.

Pakhomov, L.A., Shafrin, Yu.A., "On the Realization of the Method of Thermal

Tropospheric Sounding from Artificial Earth Satellites (Numerical Exper-

iment)," MeteorologiTa i gidrologiya, No.5, 1970.

Pokhunkov, A.A., "On the Change in Atomic Oxygen in the Lower Thermosphere

Based on the Results of a 'Sun-Atmosphere' Experiment," In: Issledovani>

atmosfery i ionosfery v period povyshennoy solnechnoy aktivnosti

Research on the Atmosphere and Ionosphere in a Period of Heightened

Solar Activity], Leningrad, Gidrometeoizdat, 1970.

Pravovyye aspekty ispol'zovaniya ICZ dl_a tseley meteorologii i ra_

[The Right Aspects of the Use of Artificial Earth Satellites for Purposes

of Meteorology and Radio Communication], Moscow, "Nauka" Press, 1970.

Problemy fiziki atmosfery [Problems of the Physics of the Atmosphere],

collection of articles edited by K.Ya. Kondrat'yev, Leningrad, Leningrad

University Press, 1970.

i0



Pushistov, P.Yu., "O planetarnompogranichnomsloye atmosfery v oblasti
ekvatora" [On the Planetary Boundary Layer of the Atmosphere in the

Equatorial Region], Izv. AN SSSR_ Fizika atmosfery i okeana [News of

the AN SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.6, 1970.

Radiatsionnyye kharakteristiki atmosfery i zemnoy poverkhnosti [Radiation

Characteristics of the Atmosphere and the Earth's Surface], Leningrad,
Gidrometeoizdat, 1969.

Rozenberg, G.V., Tatarskiy, V.I., Dianov-Klokov, V.I., "Some Anomalies of

Light Distribution in Various Layers of the Atmosphere," Vestn. AN SSSR,
No.e, 1970.

Romanova, N.N., "0 vertikal'nom pasprostranenii korotkikh akusticheskikh

voln v real'noy atmosfere" [On the Vertical Distribution of Short Acoustic

Waves in a Real Atmosphere], Izv. AN SSSR? Fizika atmosfery i okeana,
Vol.6, No.2, 1970.

/_1o9

Sandomirskiy, A.B., Rozenberg, G.V., Al'tovskaya, N.P., "Fotometricheskiy

analiz snimkov dnevnogo gorizonta, poluchennykh s kosmicheskogo korablya

'Soyuz-3'" [A Photometric Analysis of the Day Horizon Obtained from the

"Soyuz-3" Spaceship], Izv. AN SSSR? Fizika atmosfery i okeana [News of

the AN SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.lO, 1970.

Sikharulidze, Yu.G., Butuzova, M.A., "Model of the Variations in the Density

of the Earth's Atmosphere at Altitudes of 30 to 80 km," Kosmich. issled.,
Vol.8, No.4, 1970.

Skrelin, A.L., Ivanov, A.P., Kalinin, I.I., "Prostranstvenno-vremennaya

struktura svetovoy dymki ot impul'snogo izluchatelya v atmosfere"

[Space-and-Time Structure of Light Haze from a Pulse Radiator in the

Atmosphere], Izv. AN SSSR_ Fizika atmosfery i okeana [News of the AN

SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.9, 1970.

Smirnykh, L.N., "Direct Measurements of an Ion Concentration in the Strato-

sphere and Mesosphere by the Storage Capacity Method," Kosmich. issled.,
Vol.8, No.3, 1970.

Sobolev, V.V.,"Milne's Problem with the Non-lsotropic Scattering of Radiation,"

Astronom. zh., Voi.%7, No.2, 1970.

Sokhov, T.Z., "O nelineynykh orograficheskikh volnakh v atmosfere" [On

Non-Linear Orographic Waves in the Atmosphere], Izv. AN SSSR, Fizika

atmosfery i okeana [News of the AN SSSR, Physics of the Atmosphere and

Ocean], Vol.6, No.2, 1970.

Temnikov, S.N., "Use of Television Information from Earth Weather Satellites

Used for Meteorological Purpose," Meteorologiya i 0idrologiya, No.3, 1970.

Teptin, G.M., "Sezonnyye i planetarnyye izmeneniya polusutochnykh variatsiy

davleniya v verkhney atmosfere" [Seasonal and Planetary Changes in Half-

Day Variations in the Pressure in the Upper Atmosphere], Izv. AN SSSR?

Fizika atmosfer/ i okeana [News of the AN SSSR, Physics of the Atmosphere
and Ocean], Vol.6, No.ll, 1970.

iiO



Truttse, Yu.L., "Some Anomalies of the Heating of the Upper Atmosphere During

Geomagnetic Storms and Aurora Polaris," Kosmich. issled., Vol.8, No.2,

1970.

Tulinov, V.F., Lipovetskiy, V.A., "Measurement of the Intensity of Low

Energy Protons in the Upper Atmosphere," ibid.

Turbulentnyye techeniya [Turbulent Flow], Trudy yseso_a/zn, simpoziuma po

problemam turbulentnTkh techeni[$ vklyuchaya geofiz, prilozheniya [Pro-

ceedings of the All-Union Symposium on the Problems of Turbulent Flows,

Including Geophysical Appendices], Moscow, "Nauka" Press, 1970.

Fedorov, Ye.K., "On the Program of Investigating Global Atmospheric Pro-

cesses," Meteorologiya i gidrologiya, No.7, 1970.

Fesenkov, V.G., "On the Possibility of Using Lunar Eclipses for Sounding

the Optical Properties of the Atmosphere," Astronom. zh., Voi.47, No.e,

1970.

Fizika atmosfery v Estonskoy SSR (19_0-1966) [Physics of the Atmosphere in

the Estonian SSR (19&O-1966)], Tarry, 1969.

Fizika mezosfernykh (serebristykh) oblakov [Physics of Mesospheric (Noctilu-

chef) Clouds], Trudy nauchnogo soveshchaniya po mgzosfern_m oblakam.

Riga 20-23 noyabrya 1968 @. [Proceedings of a Scientific Conference on

Mesospheric Clouds Held Between November 20 and 23, 1968, in Riga],

Riga, "Zinatiye" Press, 1970.

Khaytun, F.I., Nepogodin, I.A., "An Evaluation of Threshhold and Energy

Relations in Optical Radar Operating in the Atmosphere," Optiko-mekhan-

icheskaya promyshlennost', No.8, 1970.

Chizhov, A.F., Kim, I.S., "Izmereniye pogloshcheniya solnechnogo L -izlu-

cheniya v verkhney atmosfere" [Measurement of the Absorption of Solar

L -Radiation in the Upper Atmosphere], Izv. AN SSSRI Fizika atmosfery

i okeana [News of the AN SSSR_ Physics of the Atmosphere and Ocean],

Vol.6, No.?, 1970.

Shafrin, Yu.A., "O vozmoshnostyakh infrakrasnogo metoda izmereniya vertikal'nogo

raspredeleniya ozona s ISZ" [On the Possibilities of the Infrared Method

of Measuring the Vertical Distribution of Ozone from an Artificial Earth

Satellite], ibid.

Shvidkovskiy, Ye.G., "Weather Rocket Sounding," Meteorologiya i gidrolo_iya,

No.4, 1970.

Shvidkovskiy, Ye.G., Kostko, O.K._ Chayanova, E.A., "The Possibility of

Studying the Composition of the Upper Atmosphere With the Aid of the

Effects of Resonance Scattering," Kosmich. issled., Vol.8, No.2, 1970.

Shodiyev, U., "Determination of the Scale of Turbulence for Photographic /_11o

iii



Observations of a Meteor Trail," Komety i meteory, AN TadzhSSR, Astron-

omical Council of the AN SSSR, No.19, 1970.

Sholokhova, Ye.D., Fedorova, Ye.O., "Indikatrisy rasseyaniya atmosfery,

izmerennyye na vysotakh do 22 km, v oblasti okolo 2.2 mkm" [Indicatrices

of Scattering of the Atmospher_ Measured at Altitudes--_p to 22 km, in

the Field of About 2.2 Microns], Izv. AN SSSR 7 Fizika atmosfery i okeana

[News of the AN SSSR, Physics of the Atmosphere and Ocean], Vol.6, No.6,

1970.

Shukurov, A.Kh., "0 vozmozhnosti issledovaniya prozrachnosti atmosfery v

ul'trafioletovoy oblasti spektra s pomoshch'yu sputnika" [On the Poss-

ibilities of Investigating the Transmission Factor of the Atmosphere in

the Ultraviolet Band of the Spectrum by Means of a Satellite], Izv.

AN SSSR_ Fizika atmosfery i okeana [News of the AN SSSR, Physics o----_ the

Atmosphere and Ocean], Vol.6, No.7, 1970.

Yurmanov, V.A., "Increasing the Potential of the Radiotelemetering Channel

of the System of Complex Radio Sounding of the Atmosphere," Meteorologiya

i gidrologiya, No.l, 1970.

Yurmanov, V.A., "Experimental Results on Increasing the Potential of the

Radiotelemetering Channel of the System of Complex Radio Sounding of

the Atmosphere," Meteorologiya i gidrologiya, No.8, 1970.

Yaichnikov, A.P., "Experimental Proof of the Existence of a Flow of Hydrogen

Ions in the Exosphere," Kosmich. issled., Vol.8, No.l, 1970.

2. Investigation of the Ionosphere. Propagation of Radio Waves.

Abramov, L.A., Al'perovich, L.S., "An Evaluation of the Influence of Local

Heterogeneities on the Ionospheric Current System," Kosmich. issled.,

Vol.8, No.I, 1970.

Aksenov, V.I., Dubinskiy, B.A., Zhekulin, L.A., Kiseleva, Z.Ya., "Investigation

of the Transit of Super Long Radio Waves Through the Earth's Ionosphere

to the 'Kosmos-l&2' Artificial Earth Satellite. Preliminary Results,"

Kosmich. issled., Vol.8, No.&, 1970.

Alimov, V.A., "Some Results of the Investigation of the Heterogeneous Structure

of the Polar Ionosphere by Means of Artificial Earth Satellite Signal

Receptions at Interferometers with Different Bases," Geomagnetizm i

aeronomiya, Vol.lO, No.l, 1970.

Alimov, V.A., Latinov, D., "On the Probability of the Appearance of a Sporadic

E-Layer Over Dushanbe," B_ull. In-ta astrofiziki AN TadzhSSR, No.53, 1970.

Baranskiy, L.N., "Some Anomalies of the Polarization of Pcl Oscillations,

Associated with Their Wave Guide Propagation," Geomagnetizm i aeronomiya,

Vol.lO, No.l, 1970.

Bass, F.G., "Primeneniye metoda VKB k nelineynomu volnovomu upravleniyu i

112



rasprostraneniye sil'nykh elektroma0nitnykh voln v ionosfere" [Application

of the VKB Method for Nonlinear Wave Control and Propagation of Strong

Electromagnetic Waves in the Ionosphere], Izv. vyssh, uchebn° zaved.

Radiofizika [News of the Higher Educational Institution of Radiophysics]_

Vol.13, No.6, 1970.

Belikovich, V.V., Itkina, M.A., "Nakhozhdeniye profilya elektronnoy kontsen-

tratsii v D-sloye ionosfery IX) chastotnoy zavisimosti pogloshcheniya"

[Detecting the Profile of the Electron Density in the D-Layer of

the Ionosphere by the Frequency Function of Absorption], ibid.

Belikovich, V.V., Benediktov, Ye.A., Itkina, M.A., "The Frequent Occurrence

of a Connection Between the Profile of the Electron Density in the

D-Layer of the Ionosphere and the Frequency Function of Absorption of

Radio Waves in the Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No.5,

197o.

Belikovich, V.V., Benediktov, Ye.A., Grishkivich, L.V., Rapoport, Z.Ts.,

"Rezul'taty issledovaniy prostranstvenno-vremennykh osobennostey avro-

ral'nogo po01oshcheniya radiovoln v ionosfere, vypolnennykh v rayone

Murmanska" [Results of Experiments of the Space-and-Time Anomalies of

the Auroral Absorption of Radio Waves in the Ionosphere, Conducted in

the region of Murmansk], In: Kompleksnyye issledovaniya polTarnoy ion-

osfery [Complex Research on the Polar Ionosphere], Leningrad,

"Nauka" Press, 1970.

Benediktov, Ye.A., Dubkova, V.A., Tolmacheva, A.V., "Results of the Measure-

ments of the Magnitude of Regular Absorption of Radio Waves in the Iono-

sphere and in the Zone of Aurora Polaris," Geoma_netizm i aeronomiya,

Vol.lO, No.&, 1970.

Ben'kova, N.P., Bukin, G.V., Kaminer, A.L., Troitskaya, V.A._ "The Connec-

tion of Disturbances in the Lower Ionosphere with Geomagnetic Oscillations

of the Pi I Type Based on Observations in Arkhan0el' Oblast'," Geomag-

netizm i aeronomiya, Vol.lO, No.5, 1970.

/_111

Ben'kova, N.P., Zevakina, R.A., "Ionospheric Disturbances," IN: Ionosfernyye

issledovaniTa [Ionosphere Research], No.19, Moscow, "Nauka" Press,
1970.

Ben'kova, N.P., Fatkullin, M.N., "Currents in the Non-disturbed Ionosphere

and their Geophysical Effects," ibid.

Berger, V.K., Kim, V.F., "On the Transit of Electromagnetic Waves Through

Weak Heterogeneities in Plasma (Ionosphere)," Geomagnetizm i aeronomiya,

Vol.lO, No.i, 1970.

Berezin, Yu.V., Gusev, V.D., "Distinguishing One Ma0netoionic Component

With Elliptical Polarization Upon the Reception of Radio Waves Reflected

from the Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No.i, 1970.

Besprozvannaya, A.S., ,'Features of the Equatorial Anomaly of F Layer
2

113



Midday Ionization in the Periods of Summer and Winter Solstice," ibid.

Besprozvannaya, A.S., "On the Relationships of F 2 Layer Ionization in the

Northern and Southern Hemispheres in the Periods of Solstice," Geomag-

netizm i aeronomiya, Vol.lO, No.2, 1970.

Besprozvannaya, A.S., Yudovich, L.A., "Cyclic Variations in the A_ and n

Parameters of the Latitudinal Relationship of Midday Ionizatio_ of the

F 2 Layer," ibid.

Buchel'nikova, N.S., Issledovaniye turbulentnoy plazmy pri nekotorykh ne-

ustoychivostyakh [Investigations of Turbulent Plasma with Certain In-

stabilities], Novosibirsk, 1970 (Institute of Nuclear Physics of the

Siberian Branch of the AN SSSR).

Vakulin, Yu.I., Pivovarov, V.G., "Toward the Formation of Electric Fields

in the Polar Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No.3, 1970.

Van'yan, L.L., Gokhberg, M.B., Abramov, L.A., "On the Influence of the Lower

Ionosphere on the Propagation of Hydromagnetic Waves Directed by a Geo-

magnetic Field," Geomagnetizm i aeronomiya, Vol.lO, No._, 1970.

Van'yan, L.L., Osipov, N.K., Pivovarov_ V.G., "0 prirode avroral'nykh mag-

nitoionosfernykh vozmushcheniy" [On the Nature of Auroral Magnitoionospheric

Disturbances], Dokl. AN SSSR [Reports of the AN SSSR], Vol.19_, No.l, 1970.

Vardanyan, Yu.S., "The Role of a Dynamo Mechanism in Creating Magnetic Dis-

turbances and Ionospheric Heterogeneities with a Consideration of the

Vertical Relationship of Concentrations of Charged Particles in the

Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No._, 1970.

Vasin, V.A., Grishkevich, L.V., Pisareva, V.V., "On Night Ionization of the

F 2 Layer of the Ionosphere of the Temperate Latitudes," ibid.

Vedeshin, L.A., Pisarenko, N.F._ "Observations of the Radiation Belts and

the Ionosphere of the Earth from the 'Interkosmos-3' Satellite," Vestn.

AN SSSR, No.lO, 1970.

Vertlib, A.B., Vagner, Kh.U., "An Analysis of Geomagnetic Sq-Variations by

Means of the Expansion of Fields According to Natural Orthogonal Com-

ponents," Geomagnetizm i aeronomiya, Vol.lO, No._, 1970.

Vilenskiy, I.M., Izrayleva, N.I., "On the Interaction of Impulse Radio Waves

in the Ionosphere. I," Geomagnetizm i aeronomiya, Vol.lO, No.l, 1970.

Vilenskiy, I.M., Izrayleva, N.I., "On the Interaction of Impulse Radio Waves

in the Ionosphere. II," Geomagnetizm i aeronomiya, Vol.lO, No._, 1970.

Vilenskiy, I.M., Smirnova, A.V., "On the Vertical Displacement Velocity of

the Lower Ionosphere During the Rising and Setting of the Sun," Geomag-

netiZm i aeronomiya, Vol.lO, No.5, 1970.

Vilenskiy, V.D., "Vliyaniye yestestvennoy radioaktivnosti atmosfernoy pyli

na opredeleniye srednego vremeni prebyvaniya svintsa-210 v troposfere"

[The Influence of the Natural Radioactivity of Atmospheric Dust on the

114



Determination of the Average Arrival Time of Lead-210 in the Troposphere],

Izv. AN SSSR 7 Fizika atmosfery i okeana [News of the AN SSSR, Physics of

the Atmosphere and Ocean], Vol.6, No.3, 1970.

• + S "
Vlasov, M.N., "On the Distribution of Molecular Oxygen in the b_ n tate xn

the Upper Atmosphere," Geomagnetizm i aeronomiya, Vol.lO, No._6, 1970.

/_.ii2

Vlasov, M.N., "On the Diurnal Variation of the Concentration of Molecular

Oxygen in the _g State in the Upper Atmosphere," Geomagnetizm i aeronomiya,

Vol.lO, No._, 1970.

Volkovitskaya, Z.I., Ivanov, V.N., "Dissipatsiya turbulentnoy enersii v

pogranichnom sloye atmosfery" [Dissipation of Turbulent Energy in the

Boundary Layer of the Atmosphere], Izv. AN SSSR_ Fizika atmosfery i

okeana [News of the AN SSSR, Physics of the Atmosphere and Ocean],

Vol.6, No.5, 1970.

Gdalevich, G.L., "Electric Fields in the Ionosphere Based on Data of Rocket

Experiments," IN: IonosfernTye issledovaniya [Ionosphere Research],

No.19, Moscow, "Nauka" Press, 1970.

Geygerov, S.S., Zaychikov, B.P., Kalikhmakh, M.Ya., "Rezul'taty nablyudeniy

vesenney perestroyki tsirkulyatsii v yuzhnom polusharii s pomoshch'yu

meteorologicheskikh raket" [Results of Observations of Spring Change-Over

of the Circulation in the Southern Hemisphere by Means of Weather Rockets],

Izv. AN SSSR 7 Fizika atmosfery i okeana [News of the AN SSSR, Physics of

the Atmosphere and Ocean], Vol.6, No._, 1970.

Gerasimov, V.I., Zherebtsov, G.A., Kurilov, V.A., "Superhigh Frequency

Radiation of the Polar Atmosphere," Geomagnetizm i aeronomiya, Vol.lO,

No.5, 1970.

Ginzburg, A.S., Feygel'son, Ye.M., "Priblizhennyye methody rascheta luchistykh

potokov i pritokov teplav troposfere" [Methods of Approximation for Cal-

culatinG Radiant Fluxes and Heat Supply in the Troposphere], Izv. AN

SSSR_ Fizika atmosfery i okeana [News of the AN SSSR, Physics of the

Atmosphere and Ocean], Vol.6, No.5, 1970.

Gla@olev, Yu.A., Spravochnik Ix) fizicheskim parametram atmosfery [Reference

Book on the Physical Parameters of the Atmosphere], Leningrad, Gidromet-

eoizdat, 1970.

Golitsyn, G.S., Romanova, N.N., "On the Distribution of Heat in Rarefied

and Inhomogeneous Atmospheres," Geomagnetizm i aeronomiya, Vol.lO, No.i,

1970.

Goysa, N.I., Oppengeym, V.D., Feygel'son, Ye.M., "Vertikal'nyye profili

potokov dlinnovolnovoy radiatsii v oblachnoy atmosfere" [Vertical Profiles

of Long-Wave Radiation Flows in a Cloudy Atmosphere], Izv. AN SSSR_

Fizika atmosfery i okeana [News of the AN SSSR, Physics of the Atmosphere

and Ocean], Vol.6, No.2, 1970.

ll5



Vsekhsvyatskaya, I.S., Sergeyenko, N.P., Yudovich, L.A., "On the Statistical

Regularities of N F Fluctuations in the Middle Latitudes," Geomagnetizm
max

i aeronomiya, Vol.lO, No.l, 1970.

Gershman, B.N., Samsonov, A.V., "K teorii elektrostaticheskikh poley v

poley v usloviyakh atmosfery" [Toward a Theory of Electrostatic Poles

in the Atmosphere], Izv. vTsh. uchebn, zaved. Radiofizika [News of the

Higher Educational Institution of Radiophysics], No.9, 1970.

Goncharov, L.P., Shchepkin, L.A., "Some Features of the Variations in the

Electron Density of the Equatorial Ionosphere in the Day," Geomag-

netizm i aeronomiya, Vol.lO, No.l, 1970.

Gorbushina, G.N., Zhulina, Ye.M., "Features of the Diurnal Variations in

the Latitudinal Distribution of Auroral Absorption," Geomagnetizm i

aeronomiya, Vol.lO, No.5, 1970.

Gorshkov, Yu.N., Denisenko, N.M., "An Investigation of the Connection of

Riometric Absorption with Ionospheric-Magnetic Activity in the Auroral

Zone," Geomagnetizm i aeronomiya, Vol.lO, No.l, 1970.

Gubenko, V.S., Rodionov, Ya.S., "Receiving Approximating Functions of

Root-Mean-Square Deviations of the Critical Frequencies of the F 2 Layer

on Latitude and Solar Activity on an Electronic Computer," ibid.

Davydov, V.M._ Snegurova_ L.F., "The Influence of the Lower Layers of the

Ionosphere and the Earth on the Field of Three-Dimensional Alfven Waves,"

Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

Danilov, A.D., Istomin, V.G., Semenov, V.K., "Ion Composition of the Upper

Atmosphere at Altitudes of 130 to 135 _an in the Period of Activity of

the Orionid Meteor Showers," Kosmich. issled., Vol.8, No.3, 1970.

Danilov, A.D., "Ion Composition of the Atmosphere at Altitudes of i00 to

200 km and the Processes Determining It," Geomagnetizm i aeronomiya,

Vol.lO, No.5, 1970.

Dratskiy, V.M., Krupitskaya, T.M., Shirochkov, A.V., "Variations in the

Loss Coefficient in the Lower Ionosphere in the Periods of Absorption

in Polar Cap," ibid.

/j13

Dratskiy, V.M., Shumilov, O.I., "On the Meridian Motion of the Bays of

Auroral Absorption," Geomagnetizm i aeronomiya, Vol.lO, No.2, 1970.

Yevlashin, L.S., Neklyudova, Z.I., "Laws of the Connection Between Aurora

Polaris and Ionospheric Disturbances in the Cycle of Solar Activity,"

In: Kompleksnyye issledovaniya polyarnoy ionosfery [Complex Research on

the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Yegorov, I.B., Kiyanovskiy, M.P., "One Method of Solving the Problem of

the Propagation of Electromagnetic Waves in a Three-Dimensional Inhomo-

geneous Isotropic Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No.i,

1970.

116



Zhlud'ko, A.D., Klyuyeva, N.M., "Issledovaniye ionnogosostava E-oblasti
ionosfery v nochnoyevremya" [Investigation of the Ion Composition of
the E-Region of the Ionosphere in the Nighttime], Trudy IEM [Proceedings

of the Institute of Electromechanics], No.16, Leningrad, Gidrometeoizdat,

1970.

Zhlud'ko, A.D., Tulinov, G.F., Klyuyeva, N.M., Chasovitin, Yu.K., "The Ion

Composition of the Polar Ionosphere," Geomagnetizm i aeronomiya, Vol.lO,

No.l, 1970.

Ivanov, V.V., "Toward the Problem of Long-Range Tropospheric Propagation of

Radio Waves," Radiotekhnika i elektronika, Vol.15, No.6, 1970.

Ivanov-Kholodnyy, G.S., "State of the Research on the Aeronomy of the E- and

D-Regions of the Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No.3, 1970.

Ivanov-Kholodnyy, G.S., Kazachevskaya, T.V., "Ionization of the E-Region

by Flows of Outgoing Electrons," In: Issledovaniya atmosfery i ionosfery

v period povyshennoy solnechnoy aktivnosti [Research on the Atmosphere

and Ionosphere in a Period of Heightened Solar Activity], Leningrad,

Gidrometeoizdat, 1970.

Ivanov-Kholodnyy, G.S., Korsunova, L.P., "On an Additional Source of Ioni-

zation in the E-Region of the Ionosphere. II," Geomagnetizm i aeronomiya,

Vol.lO_ No.4, 1970.

Ignat'yev, Yu.A., "On the Variations in the Magnetic Field with Vortex-Like

Gas Motions Forming the E Layer," Geomagnetizm i aeronomiya, Vol.lO,
s

No.5, 1970.

Ionosfernyye issledovaniya [Ionosphere Research], No.19, Collection, Moscow,

"Nauka" Press, 1970.

Isayev, S.I., "Research on Aurora Polaris at Connected Points," IN: Kom-

pleksnyye issledovaniya polyarnoy ionosfery [Complex Research on the

Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Issledovaniya ionosfery [Research on the Ionosphere], Collection, Novosihirsk,

"Nauka" Press, 1970.

Kazachevskaya, T.V., Koryagin, A.I., "Measurement of a Corpuscular Stream

with 'Fosfor' Type Instruments in the 'Sun-Atmosphere, 1969' Experiment,"

I : Issledovaniya atmosfery i ionosfery v period povyshenooy solnechnoy

aktivnosti [Research on the Atmosphere and Ionosphere in a Period of

Heightened Solar Activity], Leningrad, Gidrometeoizdat, 1970.

Kambu, F., Maral, Zh., Zhulin, I.A., Kopylov, Yu.M., "Research on Auroral

X-Rays in Magnetically Coupled Regions of Kergelen and Arkhangel'sk

Ohlast'," Kosmich. issled., Vol.8, No.4, 1970.

Kasymova, A.G., Mezhsloyevyye obrazovaniya v ionosfere [Interlayer Formations

in the Ionosphere], Kiev, "Naukova dymka" Press, 1970.

117



Kashin, A.A., Mirkotan, S.F., Rybal'chenko, V.G., "Toward the Methodology

of Studying Ionospheric Drifts," Geomagnetizm i aeronomiya, Vol.lO, No.3,

197o.

Kerblay, T.S., Kovalevskaya, Ye.M., Nosova, G.N., "Propagation of Short

Radio Waves on One-Hop Radio-Frequency Spectral Lines with the Presence

of foF2 Gradients," Geomagnetizm i aeronomiya, Vol.lO, No.4, 1970.

Kerblay, T.S., "Variations in the F-Region of the Ionosphere," IN: Ionosfernyye

issledovaniya [Ionosphere Research], No.19, Moscow, "Nauka" Press, 1970.

Kolesnikova, T.V., Starovatov, A.A., Filonova, L.D., "On the Interrelation

of the Parameters of the F 2 and E Layers," Geomagnetizm i aeronomiya,s
Vol.lO, No.5, 1970.

Kolokolov, L.Ye., "On the Constant Registration of Critical Frequencies of

the Individual Layers of the Ionosphere," Geomagnetizm i aeronomiya, Vol.

iO, No._, 1970.

Kolosov, M.A., Savlch, N.A., Vasil'yev, M.B., Voronin, I.V., Vyshlov, A.S.,

Sidorenko, A.I., Terekhin, G.I., Shtern, D.Ya., "Measurement of the

Characteristics of the Ionosphere by Means of Coherent Radio Sisnals

from the 'Luna-l_' Satellite," Kosmich. issled., Vol.8, No.5, 1970.

Kompleksnyye issledovaniya polyarnoy ionosfery [Complex Research on the

Polar Ionosphere], Collection of Articles, Editor in Chief S.I. Isayev

and Z.I. Rapoport, Leningrad, "Nauka" Press, 1970.

Komrakov, G.P., Ivanov, V.P., Popkov, I.V., Tyukin, V.N., "Measurement of

the Electron Density of the Ionosphere by the Method of a High

Frequency Impedance Sound," Kosmich. issled., Vol.8, No.2, 1970.

Korsunova, L.P._ "Distribution of the Electron Concentration in the E-Region

Based on Data of Ground Radio Sounding," Geomagnetizm i aeronomiya,

Vol.]O, No.4, 1970.

Korsunova, L.P., "Diurnal Variations in the Effective Coefficient of Recom-

bination in the E-Region of the Ionosphere as a Function of Electron

Temperature, Geomagnetizm i aeronomiya, Vol.lO, No.l, 1970.

Korsunova, L.P., Ivanov-Kholodnyy, G.S., "On an Additional Source of Ioni-

zation in the E-Region of the Ionosphere. I," Geomasnetizm i aeronomiya,

Vol.lO, No.3, 1970.

Korsunova, L.P., Ivanov-Kholodnyy, G.S., "On an Additional Source of Ionl-

zation in the E-Region of the Ionosphere. II," Geoma@netizm i aeronomiya,

Vol.lO, No._, 1970.

Koshelev, V.V., Shuyskaya, Z.I., Shchepkin, L.A., "The Ratio of [NO+]/[O2 +]

in the F 1 Region," Geomagnetizm i aeronomiya, Vol.lO, No._, 1970.

Krasovskiy, V.I., "On the Mechanisms of Energy Generations of Powerful

Aurora Polaris," Kosmich. issled., Vol.8, No.5, 1970.

118



Krinberg, I.A., Klimov, N.N., "On the Possible Anis0tropy of the Electron

Temperature in the Lower Ionosphere," Geoma_netizm i aeronomiya, Vol.lO,

No.5, 1970.

Krinberg, I.A., et al., "On the Possibility of Determining Reaction Speed

Coefficients from Ionospheric Data1" Geomagnetizm i aeronomiya, Vol.lO,

No.5, 1970.

Kuz'min, I.A., Lazutin, L.L., Khlebnikova, L.A., "Calculation of X-Ray

Absorption in the Earth's Atmosphere," In: Kompleksqy[e issledovaniya

pol[arno_ ionosfery [Complex Research on the Polar Ionosphere], Leningrad,

"Nauka" Press, 1970.

Kukushkina, R.S., "Morphology of the Ionosphere of the Night and Day Sections

of the Instantaneous Zone of Aurora," ibid.

Kuminov, A.A., Kolomiytsev, O.P., "Results of the Radio Sounding of the

Ionosphere," In: Issledovaniya atmosfer_ i ionosfery v period povyshenno[

solnechnoy aktivnosti (mart-aprel' 1969) [Research on the Atmosphere and

Ionosphere in a Period of Heightened Solar Activity (March-April, 1969)],

Leningrad, Gidrometeolzdat, 1970.

Lazutin, L.L., "Momentary Bursts of X-Rays in the Stratosphere in the Day-

time," In: Kompleksny_e issledovaniTa pol[arnoy ionosfer_y [Complex Research

on the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Latinov, D., Alimov, 0., "Ionosphere Observations in Dushanbe During a Solar

Eclipse on 20 May 1966," Byull. In-ta astrofiziki AN TadzhSSR, No.53, 1970.

Likhachev, M.A., "Gradient of the Annual Variation in the Characteristics

of the State of Ionization in the F 2 Layer," Geomagnetizm i aeronomi[a,
Vol.lO, No.l, 1970.

Likhter, Ya.l., "Distribution of Time Intervals Between Atmospherics,"

Geomagnetizm i aeronomiya, Vol.lO, No.4, 1970.

Likhter, Ya.l., "Whistling Atmospherics and the External Ionosphere of the

Earth," In: lonosfern_e issledovaniya [Ionosphere Research], No.19,

Moscow, "Nauka" Press, 1970.

Loginov, G.A., "Vertical Wind in the Ionosphere and Its Role in Explaining

Geomagnetic Variations, " In: KompleksnTye issledovani[a polyarnoy ionosfer[

[Complex Research on the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Loginov, G.A., "Variability in the Main Characteristics of the Variation of _/115

the GeomaGnetic Field in the Cycle of Solar Activity," ibid.

Los', B.P., Kapustin, I.N., "On the Precision and Stability of the RPl-32

and RPI-&O Riometers," ibid.

Lukina, L.V., "Four Orientations of the Arcs of Aurora Polaris," Geomagnetizm

i aeronomiya, Vol.lO, No.5, 1970.

119



Makarov, G.I., Novikov, V.V., Orlov, A.B., "Sovremennoye sostoyaniye

issledovaniy rasprostraneniya SDV v volmovodnom kanale Zemlya - iono-

sfera" [Modern State of Research on the Propagation of Superlong Radio

Waves in the Earth-Ionosphere Wave-Guide Channel], Izv. vyssh, uchebn.

zaved. Radiofizika [News of the Higher Educational Institution of Radio-

physics], Vol.8, No.3, 1970.

Mal'tseva, O.A., "Certain Problems of Correcting the N-Profile with a

Consideration of Unobserved Ionization of the Ionosphere, " Geomagnetizm

i aeronomiya, Vol.lO, No.5, 1970.

Misyura, V.A., Krokhmal'nikov, Ye.B., Zinchenko, G.N., Firsakov, A.S.,

Slutsker, S.M., "Toward a Measurement of the Parameters of the Ionosphere

by Registration at Scattered Points of the Faraday and Doppler Effects

from Coherent Signals of Geophysical Rockets," Geomagnetizm i aeronomi_a,

Vol.lO, No.2, 1970.

Misyura, V.A., Krokhma'nikov, G.N., et al., "Toward a Determination of the

Ionospheric Effects Arising with the Propagation of Radio Waves, by Reg-

istrations at Scattered Points of the Faraday and Doppler Effects from

Coherent Signals of Geophysical Rockets," Geomagnetizm i aeronomiya,

Vol.lO, No.3, 1970.

Mikhaylov, A.V., "A Calculation of the Variations in the Ion Composition of

the E-Re@ion of the Ionosphere in the Nighttime," Geomagnetizm i aeronomiya,

Vol.lO, No.&, 1970.

Mizun, Yu.G., "Drift of Ionization in the F-Region of the Ionosphere During

Magnetic Disturbances," In: Kompleksn[ye issledovaniya polyarnoy ionosfer[

[Complex Research on the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Mizun, Yu.G., "Ionization by Electrons and Protons in the Zone of Aurora

Polaris," ibid.

@

Nadubovich, Yu.A., "Flashes of _l 6300 and 5577 A Emissions in Aurora Polaris,"

Geomagnetizm i aeronomi[a, Vol.lO, No.5, 1970.

Nesterov, V.P., Chasovitin, ¥u.K., "Teoriya vetrovogo sdviga i obrazovaniye

sporadicheskogo sloya E v srednikh shirotakh" [Theory of Wind Shift and

Formation of a Sporadic E Layer in the Middle Latitudes], Trudy IEM

[Proceedings of the Institute of Electromechanics], No.16, Leningrad,

Gidrometeoizdat, 1970.

Osepyan, A.P., "Toward the Problem of the Classification of Auroral Absorp-

tion," In: KompleksnTye issledovaniTe polyarno[ ionosfery [Complex Research

on the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Osipov, N.K., Pivovarova, N.B., "On the Effective Frequency of Electron

Collisions in the Auroral Ionosphere," Geomagnetizm i aeronomi_a, Vol.

IO, No.3, 1970.

Osipov, N.K., Pivovarova, N.B., "On the Spectra of Electron Flows in the

Auroral Region," Geomagnetizm i aeronomiya, V01.10, No._, 1970.

120



Osipov, N.K., Pivovarov, N.Bo, Chiryeyev, A.G., "On the Structure and Para-

meters of Sporadic Formations in the Auroral Ionosphere," fieomagnetizm

i aeronomiya, Vol.lO, No.3, 1970.

Pozi0un , V.P., "On the Formation of Es," Geoma0netizm i aeronomiya, Vol.lO,
No.5, 1970.

Ponomarev, V.N., "Velocity of the Ordered Movement of Ions in the Ionosphere

at an Altitude of 600 km. 2. Results of an Experiment," Kosmich. issled.,

Vol.8, No.Q, 1970.

Ponomarev, V.N., Samborskiy, V.S., "Velocity of Ordered Movement of Ions

in the Ionosphere at an Altitude of 600 km. I. Method of Measurements,"

ibid.

Protopopov, L.A., Khadzhi, B.A., "Phase Measurement of Ultrashort Radio

Wave Signals During the Solar Eclipse of 22 September 1968," Geomasnetizm

i aeronomiya, Vol.lO, No.2, 1970.

Rapoport, Z.Ts., "A Comparison of the Variability of Auroral Absorption of

Radio Waves in the Ionosphere in Loparskaya and Kolledzha," Geoma@netizm

aeronomi_a, Vol.lO, No.l, 1970.

Roldugin, V.K., "Toward the Problem of the Nature of Pulsations of Aurora

Polaris," In: KompleksnyTe issledovaniya polyarnoy ionosfery [Complex

Research on the Polar Ionosphere], Lenin@rad, "Nauka" Press, 1970.

Romanyuk, A.P., "Function of the Transmission Coefficient (M3000) of F 2 on

the Altitude of the Maximum F 2 Layer," ibi____d.

Sobolev, V.G., "Statistical Laws of Hydrogen Emissions of Aurora Polaris,"

Geoma@netizm i aeronomi[a, Vol.lO, No°2, 1970.

Solodovnikov, G.K., Misyura_ V.A., Migunov, V.M., Gorbachev, I.I., "Measure-

ment of Integral Electron Density in the Polar Ionosphere Based on

Registrations of Signals from the Third Artificial Earth Satellite,"

ibid.

Starkov_ G.V., "Connection of Aurora Polaris and Ma0netic Activity at High

Latitudes," In: Kompleksnyye issledovaniya polyarno[ ionosfery [Complex

Research on the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

/__16

Starkov, G.V., Fel'dshteyn, Ya.I., "Location of the Band of Aurora Polaris

in the Night Hours in the Period of the IGY and IQSY," ibid.

Sukhorukova, E.V.,"Time and Cycle Changes of Ionization in Semitransparent

Sporadic Layers," ibid.

Sukhorukova, E.V., Khviyuzova, T.A., "Meridian Cut of the Ionosphere Between

Lenin0rad and Murmansk," ibid.

Tolmacheva, A.V., "Vklad kosmicheskikh luchey v ionizatsiyu D-oblasti

121



ionosfery" [Contribution of Cosmic Rays to Ionization of the D-Region

of the Ionosphere], Izv. vyssh, uchebn, zaved. Radiofizika [News of the

Higher Educational Institution of Radiophysics], Vol.13, No.6, 1970.

Troshichev, O.A., "The Zone of Unstable Radiation - the Region of Localiza-

tion of Auroral and Quasi-Captured Particles," Kosmich. issled., Vol.8,

No.6, 1970.

Tulinov, V.F., "On the Connection of Space-and-Time Variations in the Power

of the Sources of Ionization and Concentration of Electrons in the Lower

Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No._, 1970.

Tushentsova, I.A., "The Influence of Sphericity on the Determination of the

Horizontal Gradients of the Parameters of the Ionosphere Based on Data

of Return-Slope Sounding by the Method of Equivalent Slopes," Geomag-

netizm i aeronomiya, Vol.lO, No.i, 1970.

Fatkullin, M.N., "The Function of the Altitude Scale of Plasma in the

External Part of the F_ Region on the Level of Magnetic Activity,"

Geomagnetizm i aeronomlya, Vol.lO, No.2, 1970.

Fatkullin, M.N., "Cases When There Is No F-Layer at the High Latitudes in

the Earth's Ionosphere," Geomagnetizm i aeronomiya, Vol.lO, No.2, 1970.

Fatkullin, M.N., Legen'ka, A.D., "Altitudinal Distribution of the Storm

Effect in the External Ionosphere,"

Fel'dshteyn, Ya.I., "Observations of Aurora Polaris," Vestn. AN SSSR, No.7,

1970.

Khantadze, A.G., Sharikadze, D.V., "Horizontal Wind Currents in the Ionosphere

with the Presence of Vertical Velocities," Geoma_netizm i aeronomiya,

Vol.]O, No.4, 1970.

Tsedilina, Ye.Ye., "Electrical Field in the Ionosphere and Magnetosphere

of the Earth with the Presence of a Nonhomogeneity of Fast Particles,"

Geoma@netizm i aeronomi[a, Vol.lO, No.3, 1970.

Tsire, V.Ye., "On the Absorption of Radio Waves Reflected by the E Layer,"
s

In: Kompleksnyye issledovaniya polyarnoy ionosfery [Complex Research on

the Polar Ionosphere], Leningrad, "Nauka" Press, 1970.

Sharadze, Z.S., "Peremeshchayushchiyesya vozmushcheniya v F-oblasti ionosfery

i sporadicheskiy sloy E" [Interfering Disturbances in the F-Region of

the Ionosphere and the Sporadic E-Layer], Izv. vyssh, uchebn, zaved.

Radiofizika [News of the Higher Educational Institution of Radiophysics],

Vol.13, No.7, 1970.

Shchepkin, L.A., Koshelev, V.V., Toporkov, V.I., "Influence of the Ion

Composition on the Development of the F 1 Layer," Geomagnetizm i

aeronomiya, Vol.lO, No.5, 1970.

/_17

122



Shapiro, B.S., "Distribution of Ionization with Altitude and the Variation

of its Parameters From the Data of Ground Vertical Sounding,"

In: Ionosfernyye issledovaniya [Ionosphere Research], No.19, Moscow,

"Nauka" Press, 1970.

Yampol'skiy, V.S., "Observations of the Lower Ionosphere During the Solar

Eclipse of 22 September 1968," Geomagnetizm i aeronomiya, Vol.lO, No.2,

1970.

3. Magnetosphere. Earth's Potential.

Alekseyev, I.I., Kropotkin, A.P., "Interrelation of Energy Particles with

the Neutral Layer of the Tail of the Magnetosphere," Geomagnetizm i

aeronomiya t Vol.lO, No.5, 1970.

Afanas'yeva, L.T., Raspopov, O.M., Shchepetnov, R.B., Koshelevskiy, V.K.,

Nazarov, M.D., "On the Connection of Geomagnetic Pulsations of the Pi2

Type with the Parameters of the Auroral Zone," Geomagnetizm i aeronomiya,

Vol.]O, No.4, 1970.

Varanskiy, L.N., Vinogradov, P.A., Raspopov, O.M., "Polarization of Type

Pi2 Geomagnetic Pulsations," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970

Varsukov, V.M., Pudovkin, M.I., "Conductivity Along Lines of Force and the

Parameters of Short-Period Oscillation," Geomagnetizm i aeronomiya, Vol.lO

No._, 1970.

Bezrukikh, V.V., "Results of Measurements of Concentrations of Charged Par-

ticles in the Plasma Envelope of the Earth Taken On Board the 'Elektron-2'

and 'Elektron-_' Satellites_" Kosmich. issled., Vol.8, No.2, 1970.

Berdichevskiy, M.N., Van'yan, L.L., Lagutinskaya, L.P., Rotanova, N.M.,

Faynberg, E.B., "Experience of the Frequency Sounding of the Earth Based

on the Results of a Spherical Analysis of the Variations in the Geomag-

netic Field," Geomagnetizm i aeronomiza , Vol.lO, No.2, 1970.

Bol)_nova, A.D., et al., "Investigation of Geoactive Corpuscles and Photo-

electrons on the 'Kosmos-261' Satellite," Kosmich. issled., Vol.8, No.l,

1970.

Breyzman, B.N., Mirnov, V.V., "On the Instability Associated with the Anis-

otropy of the Distribution Function of Ultra-Relativistic Electrons in

the Radiation Belts of the Earth," Geomagnetizm i aeronomiya, Vol.lO,

No.l, 1970.

Brengauz, V.D., "Rasprostraneniye magnitozvukovykh voln v neodnorodnoy

izotermicheskoy atmosfere" [Propagation of Magnetohydrodynamic Compression

Waves in an Inhomogeneous Isothermal Atmosphere], Izv. AN SSSR? Mekhanika

zhidkosti i gaza [News of the AN SSSR, Mechanics of Liquid and Gas],

No.l, 1970.

123



Gal'perin, Yu.I., Gladyshev, V.A., et al., "Protons of Aurora Polaris and

the 'Resonance' Conception of Substorms," Kosmich_ issled., Vol.8,

No.3, 1970.

Gul'yel'mi, A.V., "A Ring Trap for Low-Frequency Waves in the Earth's

Magnetosphere," Pis'ma v ZhETF, Vol.12, No.I, 1970.

Gul'yel'mi, A.V., "Polarized Splitting of the Spectrum of Alfven Oscillations

in the Magnetosphere," Geomagnetizm i aeronomiya, Vol.]O, No.3, 1970.

Gul'yel'mi, A.V., "Cyclotron Instability in the Magnetosphere with a Con-

sideration of the Refraction of the Growing Waves," Geomagnetizm i

aeronomiya, Vol.lO, No.4, 1970.

Gul'yel'mi, A.V., "Spectrum of Alfven Osci_ations in the Magnetosphere,"

Geomagnetizm i aeronomi_a, Vol.lO, No.2, 1970.

Gurevich, A.V., Smirnova, V.V., "Toward a Theory of Sounding Measurements

in Moving Plasma," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

Gurevich, A.V., Shcherbakov, V.P., "Drift of 'Resonance' Protons in an

Asymmetrical Turning Atmosphere," ibid.

Yeroshenko, Ye.G., Antonova, A.Ye., "Structure of the High-Latitude Magnet-

osphere," Kosmich. issled., Vol.8, No.3, 1970.

Zhulin, I.A., "Theory of the Earth's Magnetosphere and Certain Problems of

Magnetoionospheric Disturbances," In: Ionosfernyye issledovaniya

[Ionosphere Research], No.19, Moscow, "Nauka" Press, 1970.

Ivanov, K.G., "On the Magnetic Field of the Neutral Layer in the Tail of

the Magnetosphere," Geomagnetizm i aeronomiya, Vol.lO, No.2, 1970.

Ivliyev, D.Ya., Pudovkin, M.I., Zaytseva, S.A., "Development of Elementary

Magnetic Disturbance," ibid.

ll'in, V.D., "Magnetic Scattering of Charged Particles on the Waves of the

Cyclotron Instability of the Plasma of the Radiation Belts. I," Geomag-

netizm i aeronomiya 9 Vol.lO, No.I, 1970.

Kleymenova, H.G., Raspopov, O.M., Vin'yeron, Zh., Nguyen Kim Tkhoa, "Long-

itudinal Drift of Choruses and Their Connection with Magnetic Disturb-

ances on the Night Side of the Earth," ibid.

Kovalevskiy, I.V., "On the Possibility of Influencing Magnetohydrodynamic

Discontinuities on the Earth's Magnetosphere," ibid.

Kolomeyets, Ye.V., Mirkin, L.A., "Investigation of the Motion of Charged

Particles in a Model of Earth's Magnetosphere," Ge0magnetizm i aeronomiya,

Vol.lO, No.l, 1970.

Mal'tseva, O.A., "On Analytical Expressions for the Coefficients of the

12/-.,

/_118



Correcting Method," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

Mal'tseva, N.F., Gul'yel'mi, A.V., Vinogradova, V.N., "Effect of the

Western Drift in Frequency in the Intervals of Oscillations in the

Descending Period," ibid.
...r.====-

Mikerina, N.V., Ivanov, K.G., "Ma0netic Effect of the Interrelation of the

Magnetosphere with the Fibrous Heterogeneity of Solar Wind," Kosmich.

issled., Vol.8, No.l, 1970.

Pivovarov, V.G., "Vertical Electric Fields in the Region of Wave-Guide Arcs,"

Geomagnetizm i aeronomiTa , Vol.lO, No.i, 1970.

Pletnev, V.D., Shalimov, V.P., "Adiabatic Suction of Quasi-Captured Charged

Particles by the Field of a Magnetic Trap During the Restoration Phase

of a Magnetic Storm," Kosmich. issled., Vol.8, No.2, 1970.

Roldugin, V.K., Starkov, G.V., "On the Zone of Pulsating Radiations,"

Geomagnetizm i aeronomiya, Vol.lO, No.l, 1970.

Romashchenko, Yu.A., "Acceleration of Charged Particles in Earth's Magnet-

osphere by an Induction Electric Field,", Geomagnetizm i aeronomiya,

Vol.lO, No.5, 1970.

Rotanova, N.M., "On the Magnetic Variational Sounding of the Earth with

a Consideration of the Vertical Component of the Electric Field," Geo____-

magnetizm i aeronomiya, Vol.lO, No.t, 1970.

Rudneva, N,M., "On the Possible Cause of the Function on Geographic Longitude

of Distance to the Border of the Magnetosphere," Geomagnetizm i aeronomiTa ,

Vol.lO, No.2, 1970.

Rudneva, N.M., Fel'dshteyn, Ya.l., "Distance to the Subsolar Point of the

Boundary of the Magnetosphere as a Function of Magnetic Activity,"

Geomagnetizm i aeronomiTa, Vol.lO, No.5, 1970.

Samokhin, M.V., "Toward the Problem of the Existence of Plasma Motion in

the Magnetosphere in Nondisturbed Geomagnetic Conditions," Kosmich.

issled., Vol.8, No.5, 1970.

Skuridin, G.A., Chesalin, L.S., "The Theory of a Model Experiment on the

Diffusion of Electrons in a Trap with Magnetic Plugs," Kosmich. issled.,

Vol.8, No.l, 1970.

Sochel'nikov, V.V., Koval', T.P., "Estimation of the Influence of the End

Dimensions of the Current Ring on the Results of Deep Sounding with the

Use of Magnetic Storms," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

Troshichev, O.A., Fel'dshteyn, Ya.l., "Ring Current in the Magnetosphere

and Magnetic Substorms," Geomagnetizm i aeronomiya, Vol.lO, No.6, 1970.

/--119

1_5



Fel'ske, D., "Some Results of Direct Measurements of Electron Density

and Electron Temperature from the 'Explorer-22, Satellite," Kosmich.

issled., Vol.8, No.5, 1970.

Khorosheva, O.V., Darchiyeva, L.A., "On the Development of Polar Storms,"

Geomagnetizm i aeronomiya, Vol.lO, No.2, 1970.

Khokhlov, M.Z., "Spatial Distribution and Time Variations in Streams of

Soft Electrons in the Earth's Magnetosphere Based on the Data of a Trap

of Charged Particles on the 'Elektron-2' and Their Connection with the

Orientation of the Earth's Magnetic Dipole," Kosmich. issled., Vol.8,

No.Z, 1970.

4. Observation of the Sun and Solar Activity

Abdusamatov, Kh.I., "Structure of the Magnetic Field of a Spot with a Photo-

sphere Bridge at Two Levels of the Solar Atmosphere," Astronom. zh.,
Voi.47, No.I, 1970.

Apushkinskiy, G.P., Yenikeyev, R.I., Nagnibeda, V.G., Tsyganov, A.N.,
"Preliminary Results of Radioastronomical Observations of the Solar

Eclipse on 22 September 1968 on Waves 0.8 and 1.3 cm," Vestn. LGU,

No.13, 1970.

Bazelyan, L.L., Braude, S.Ya., Men', A.V., "Scattering of the Decameter

Radio Radiation of Crab Nebula in the Solar Corona," Astronom. zh.,

Voi.47, No.l, 1970.

Beygman, I.L., Vaynshteyn, L.A., "The Thermal Model of the Active Region

of the Solar Corona," Astronom. zh., Voi.47, No.5, 1970.

Belov, I.F., Korshunov, A.I., Fridman, V.M., "Toward a Method of Determining

the Magnitude of Radio Radiation of a 'Quiet' Sun by the Method of

Statistical Processing," Geomagnetizm i aeronomiya, Vol.lO, No.l, 1970.

Bordina, N.M., Vasil'yev, A.M., Daletskiy, G.S., Landsman, A.P., "Deter-

mination of the Flow of Direct Solar Radiation Arriving at the Solar

Battery," Kosmich. issled., Vol.8, No.3, 1970.

Verkhovtseva, E.T., Kravchenko, A.V., Osyka, V.S., Fogel', Ya.M., "Simulation

of the Energy Distribution of Solar Radiation in the 500 to 15OO _ Spectral

Region by Means of a Jet Gas Source," Kosmich. issled., Vol.8, No.l, 1970.

Gel'freykh, G.B., Akhmedov, Sh.B., Borovik, V.N., Gol'nev, V.Ya., Korzhavin, A.N.,

Nagnibeda, V.G., Peterova, H.G., "Issledovaniye lokal'nykh istochnikov

medlenno menyayushcheysya komponenty radioizlucheniya Solntsa v santimet-

rovom diapazone" [Investigation of the Local Sources of the Slowly

Changing Component of Solar Radio Radiation in the Centimeter Band],

Izv. Glavn. astronom, obs. v Pulkove [News of the Main Astronomical Ob-

servatory in Pulkova], No.185, 1970.

126



Gel'freykh, G.B., Zhitnik, I.A., Livshits, M.A., "X-Ray Radio Waves of Local

Sources on the Sun," Astronom. zh., Voi.47, No.2, 1970.

Gel'freykh, G.V., Peterova, N.G., "Polarization of the Local Sources of

Solar Radio Waves on the 4.& cm Wave+" Astronom. zh., Vol.&7, No.&, 1970.

Gnezdilov, A.A., "Determining the Two-Dimensional Structure of the Noise

Storm of 20 May 1966 Based on Materials of Eclipse Observations at Four

Stations," Astronom. zh., Vol.&7, No.l, 1970.

Gopasyuk, S.I., Tsap, T.T., "Connection 6f Movements with Magnetic Fields

in the Solar Atmosphere," Astronom. zh., Vol.&7, No.5, 1970.

Gordon, I.M., Tsytovich, V.N., "On the Possible Role of the Maser Effect

in Location of the Sun," Astronom. zh., Vol.&7, No.&, 1970.

Yerukhimov, L.M., Kushelov, M.V., Rapoport, V.O., Uryadov, V.P., "Predvar-

itel'nyye rezul'taty issledovaniya uglovykh razmerov istochnikov solnech-

nykh radiovspleskov s pomoshch'yu interferometra intensivnosti" [Pre-

liminary Results of an Investigation of the Angular Dimensions of the

Sources of Solar Bursts by Means of an Intensity Interferometer], Izv.

vyssh, uchebn, zaved. Radiofizika [News of the Higher Educational Insti-

tution of Radiophysics], Vol.13, No.lO, 1970.

/12o

Zheleznyakov, V.V., Zaytsev, V.V., "Toward a Theory of Bursts of Solar Radio

Waves of Type III, I," Astronom. zh., Vol.&7, No.l, 1970.

Zheleznyakov 9 V.V., Zaytsev, V.V., "Toward a Theory of Bursts of Solar Radio

Waves of Type III. II," Astronom. zh., Voi.47, No.2, 1970.

Zhitnik, I.A._ Krutov, V.V., Livshits, M.A., "Determination of the Temper-

ature of the Quiet Corona Based on the Flow of Soft X-Rays," Astronom.

zh., Vol._7, No.&, 1970.

Zhukov, L.V._ Muzalevskiy, Yu.S., "A Comparison of the Smoothing of Monthly

Wolf Numbers by the Current Mean Operator and the Whittaker Operator,"

Astronom. zh., Vol.&7, No.2, 1970.

Zirin, G., Solnechna_a atmosfera [Solar Atmosphere], Moscow, Mir Press, 1969.

Zlotnik, Ye.Ya., "O roll energichnykh elektronov pri generatsii S-komponenty

solnechnogo radioizlucheniya" [On the Role of Energy Electrons in the

Generation of the S-Component of Solar Radio Waves], Izv. vyssh, uchebn.

zaved. Radiofizika [News of the Higher Educational Institution of Radio-

physics], Vol°13, No.5, 1970.

Ivanov, N.A., Borisova, Z.I._ Vishnev, V.S., Kormil'tsev, V.V., Krasnobayeva,

A.G., Nul'man, A.A., Rytsk, A.Ye., Ulitina, G.G., Undzenkov, B.A., Shapiro,

V.A., "Influence of the Total Solar Eclipse of 22 September 1968 on the

Earth's Magnetic Field," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

Illarionov, A.F., Syunyayev, R.A., "Thomson Scattering as a Factor in Cooling

the Solar Corona," Astronom. zh., Vol.&7, No.5, 1970.

127



II'yasov, U.I., "Nekotoryye rezul'taty kinematografirovaniya Solntsa v

integral'nom svete" [Some Results of Cinematography of the Sun in

Integral LightJ, Izv. AN TadzhSSR! seriya fiz.! tekhn.,khim, i _eol A

nauk [News of the AN Tadzh. SSR, Series of Physics, Engineering, Chem-

istry, and Geological Sciences], No.5, 1969.

Iroshnikov, R.S., "Quasi-Axially Symmetric Models of a Magnetic Dynamo and

the Nature of the Cycles of Solar Activity. I, " Astronom. zh., Voi.47,

No.&, 1970.

Iroshnikov, R.S., "Quasi-Axially Symmetric Models of a Magnetic Dynamo and

the Nature of the Cycles of Solar Activity. II," Astronom. zh., Vol._7,

No.6, 1970.

Ikhsanov, R.N._ "Nekotoryye rezul'taty nablyudeniy solnechnykh pyaten na

pulkovskom magnitografe" [Some Results of Observations of Sun Spots on

the Pulkova Magnetograph], Izv. Glavn. astronomo obs. v Pulkove [News

of the Main Astronomical Observatory in Pulkova], No.185, 1970.

Kiryukhina, A.I., "Ionization of Hydrogen and Excitation of Quiescent Prom-

inences," Astrenom. zh., Vol._7, No.5, 1970.

Klyakotko, M.A., "Changes in the Rate of Motion By Latitude of Non-Returning

Groups of Sun Spots with the Phase of the Cycle of Solar Activity (ii to

12 Cycles)," Astronom. resin., Volo_, No.3, 1970.

Kondrat'yev, K.Ya., Nikol'skiy, G.A., "Variatsii solnechnoy postoyannoy po

aerostatnym issledovaniyam v 1962-1968 gg." [Variations in the Solar

Constant Based on Balloon Observations Between 1962 and 1968], Izv.

AN SSSR_ Fizika atmosfery i okeana [News of the AN SSSR, Physics of the

Atmosphere and Ocean], Vol.6, No.3, 1970.

Konyukov, M.V., "0 vozmozhnosti gidrodinamicheskoy modeli s konechnym radiusom

oblasti chastykh stolknoveniy (Issledovaniye istecheniya plazmy iz sol-

nechnoy korony)" [On the Possibility of a Hydrodynamic Model with a

Finite Radius of the Region of Frequent Collisions (Investigation of the

Outflow of Plasma from the Solar Corona)], Trud[ FIAN [Proceedings of

the Physics Institute imeni P.N. Lebedev of the AN SSSR], VoI.47, 1969.

Kocharov, G.Ye., Starbunov, Yu.N. 9 "Toward the Problem of Thermonuclear

Reactions in the Sun's Interior and Solar Neutrinos," Pis'ma v ZhETF,

Vo1.11, No.2, 1970.

Krasnobayev, K.V., "The H II Statistical Zone for the Sun," Astronom. zh.,

Vol.&7, No.5, 1970.

Krat 9 V.A. I "A Study of the Microstructure of the Solar Atmosphere," Vestn.

AN SSSR, No.8, 1970.

Kuli-Zade, D.M., "0 razlichii fraungoferovykh liniy v spektre polyusa i

ekvatora diska Solntsa" [On the Difference of the Fraunhofer Lines in

the Spectrum of the Pole and the Equator of the Solar Disk], Dokl.

AN AzSSR [Reports of the AN Az SSR], Voi.26, No.2, 1970.

_/121

128



Kulmykov, Kh.K. "The Effect of the Second Revolution in the Ultraviolet

Spectral Region of the Sun in Twilight Conditions," Meteorologiya i

gidrologiya, No.9, 1970.

Kurochka, L.N., "Electron Density and Structure of Chromospheric Flares,"

Astronom. zh., Voi.47, No.l, 1970.

Livshits, M.A., Fizika Solntsa [Physics of the Sun], Moscow, "Nauka" Press,

1970.

Markeyev, A.K., Chernov, G.P., "Observations of Solar Bursts with a High

Spectral Resolution," Astronom. zh., VoI.QT, No.5, 1970.

Miroshnichenko, L.I., "On Absolute Flows of Particles Accelerated on the

Sun on 23 November 1956," Geomagnetizm i aeronomiya, Vol.lO, No.T, 1970.

Nguyen-Ngan, "Energy Balance in Spicules," Astronom. zh., Vol.Q7, No.l, 1970.

Nguyen-Ngan, "Profile of the 10,830 _ Line on the Solar Disk," Astronom. zh.,

Vol.Q7, No.2, 1970.

Nguyen-Ngan, "The _ 10,830 Line in the Active Regions of the Sun," Astronom.

zh___t., VoI.Q7, No.Q, 1970.

Nesmeyanovich, A.T., "Structure of the Solar Corona on 22 September 1968,"

Astronom. vestn._ VoI.Q, No.2, 1970.

Nesterko, N.A., Pogodicheva, N.A., Solov'yev, V.Ye., "Moments of the First

and Fourth Contacts of the Total Solar Eclipse on 22 September 1968 for

the City of Shadrinsk," ibi___d.

Nigmatullina, K.S., "Aerosol Attenuation of Solar Radiation," Vestn. MGU_

Seriya 37 Fizika_ astronomiya, VoI.II, No.5, 1970.

Nikol'skiy, G.M., Sazonov, A.A., "Polarization of the Inner Corona During

the Solar Eclipse of 22 September 1968," Astronom. zh., Vol.Q7, No.5, 197(

Pobleme Devia Ektor, "The Sun's Charge and Classical Relativistic Effects,"

Vestn. MGU I SeriTa 3, Fizika? astronomiya, Vol.ll, No.l, 1970.

Ponomarenko, Yu.B., "On the Mechanism of Forming Active Regions," Astronom.

zh., VoI.QT, No.l, 1970.

Radioizlucheniye Solntsa [Solar Radio Waves], No.l, Leningrad, 1969.

Sarychev, A.P., "Applicability of Boltzmann Distribution for the Vibrational

States of Molecules on the Sun," Astronom. zh., VoI.Q7, No.6, 1970.

Sitnik_ G.F., Mitropol'skaya, O.N., "Determination of Turbulent Velocities

and Damping Constants in Facula and Photosphere," Astronom. zh., VoI.Q7,

No.3, 1970.

Sitnik, G.F., Polonskiy, V.V., "On the Constancy of Temperature in the CO

129



Molecular Layer of the Solar Atmosphere," Astronom. zh., Vol._7, No.3,

1970:

Soboleva, N.S., "Issledovaniye postoyannoy i medlenno menyayushcheysya sos-

tavlyuyushchikh radioizlucheniya Solntsa statisticheskimi methodami"

[Investigation of the Constant and Slowly Changing Components of Solar

Radio Waves by the Statistical Methods], Izv. Glavn. astronom, obs. v

Pulkove [News of the Main Astronomical Observatory in Pulkova], No.185,

197o.

Fizika Solntsa i zvezd [Physics of the Sun and Stars], Collection of Articles

Edited by V.I. Voroshilov, Kiev, "Naukova dumka" Press, 1969.

Fomichev, V.V., Chertok, I.M., "Toward the Problem of the Distribution of

Type III Bursts by Heliographic Longitude," Astronom. zh., Vol._7, No.l,

1970.

Fomichev, V.V., Chertok, I.M., "On the Polarization of Meter Solar Radio

Waves Observed in Reflected Rays," Astronom. zh., Voi.47, No.2, 1970.

Khlystov, A.I., "Mechanism of the Formation of CH Molecule Lines of the

Transition of 2__2 _ _3OO _ in the Photosphere of the Sun," Astronom.

vestn., VoI.47, No.i, 1970.

Khlystov, A.I., "Mechanism of the Formation of CN Molecule Lines in the

Sun's Photosphere," Astronom. zh., Vol.&7, No.l, 1970.

Tsytovich, V.N., Chikhachev, A.S., "On the Spectrum of Relativistic Particles

Accelerated by Plasma Turbulence," Astronom. zh., Vol.&7, No.3, 1970.

Chistyakov, V.F., "Two New Effects in the Observation of the Magnetic Fields

of Sun Spots," ibid.

Shuvalov, V.M., "Function of the Solar Cycle on the Position of the Planets,"

Astronom. vestn., Vol._, No.3, 1970.

Yakimets, Ye., "Determination of Azimuthal Electric Currents in the Surface

Layers of Sun Spots, Astronom. zh., Vol.&7, No.3, 1970.

/_122

5. Physics of Sun-Earth Connections. Solar Wind

"Apparatura i metodika radioastronomicheskikh izmereniy skorosti solnechnogo

vetra" [Apparatus and Methodology of Radioastronomical Measurements of

Solar Wind Velocity], Trud[ FIAN [Proceedings of the Physics Institute

imeni P.N. Lebedev of the AN SSSR], Vol._7, i969.

Baranov, V.B., Krasnobayev, K.V., Kulikovskiy, A.G., "Model' vzaimodeystviya

solnechnogo vetra s mezhzvezdnoy sredoy" [Model of the Interraction of

the Solar Wind with the Interstellar Medium], Dokl. AN SSSR [Reports of

the AN SSSR], Vol.19&, No.l, 1970.

130



Goncharova,Ye.Ye., Zevakina, R.A., Lavrova, Ye.V., Yudovich, L.A., "Change

of the N(h)-Profiles During Positive Ionospheric Disturbances in the Years

of Maximum and Minimum Solar Activity," Geomasnetizm i aeronomi[a, Vol.

I0, No.3, 1970.

Grin�auz , K.I., Zastenker, G.N., Khokhlov, M.Z., "Velocity and Temperature

of the Solar Wind Based on the Data of a Modulation Trap on the 'Venera-3'

Interplanetary Station," Kosmich. issled., Vol.8, No.6, 1970.

Grinsauz, K.I., Troitskaya, V.A., Solomatina, E.K., Shchepetnov, R.V.,

"Variations in the Solar Wind Currents and the Fluctuations of the

Earth's Electromagnetic Field Caused by Them," Geomagnetizm i aeronomi[a,

Vol.lO, No._, 1970.

Gubenko, V.S., Rodionov, Ya.S., "Reception on an Electronic Computer of

Approximating Functions of Root-Mean-Square Deviations of the Critical

Frequencies of the F 2 Layer on Latitude and Solar Activity, Geomagnetizm

i aeronomiya, Vol.lO, No.l, 1970.

Dagkesamanskaya, I.M., Konyukov, M.V., "K teorii solnechno0o vetra" [Toward

a Theory of Solar Wind], Trud[ FIAN [Proceedings of the Physics Institute

imeni P.N. Lebedev of the AN SSSR],,VoI.&7, 1969.

Danilov, A.A., Plotnikov, I.Ya., "On the Angular Dimensions of Solar Cor-

puscular Streams," Geomagnetizm i aeronomiya, Vol.lO, No.l, 1970.

Ivanov, K.G., Vrashchatel'nyye razryvy v solnechnom vetre [Rotational

Discontinuities in the Solar Wind], preprint, IZMIRAN, 1970.

Ivanov, K.G., Mikerina, N.V., "Fast Shock Wave in the Solar Wind and Terr-

estrial Magnetic Disturbance on 7 October 1962," Geomagnetizm i aeronomi_a,

Vol.lO, No.6, 1970.

Ivanov, K.G., Mikerina, N.V., "Rate of Deformation of the Solar Wind, Large-

Scale Variations in the Interplanetary Magnetic Field, and the K -Index

of Magnetic Activity," Geoma�netizm i aeronomiya, Vol.lO, No.2, P1970.

Ivanov-Kholodnyy, G.S., Nikol'skiy, G.M., Solntse i ionosfera. Korotkovol-

novoye izlucheniye Solntsa i ye@o yozdeystvi_e na ionosferu [The Sun and

the Ionosphere. Short-Wave Solar Radio Waves and Their Effect on the

Ionosphere], Moscow, "Nauka" Press, 1969.

Issledovaniya po @eoma_netizmu I aeronomii i fizike Solntsa [Research on
Geomagnetism, Aeronomy, and Physics of the Sun], Collection of Articles

Edited by V.Ye. Stepanov, Moscow, "Nauka" Press, No.7, 1970.

Kats, M.Ye., Yukhimuk, A.K., "Toward a Theory of the Acceleration of Charged /._IX

Particles in Cosmic Plasma," Geomagnetizm i aeronomi_a, Vol.lO, No.2,

1970.

Konyukov, M.V., "On the Rate of Plasma Outflow from the Sun," Geoma_netizm

i aeronomiya, Vol.lO, No.l, 1970.

131



Maksimov, I.V., Sleptsov-Shevlevich, B.A., "Solar Activity and the Pressure

Field of the Earth's Northern Hemisphere," Geomagnetizm i aeronomiya,

Vol.lO, No._, 1970.

Mikerina_ N.V., Ivanov_ K.G., "Electric Field of the Solar Wind and Terr-

estrial Magnetic Disturbances on 26 September 1966," ibid.

Odintsova_ I.N. 9 Shilova_ N.S._ "Geoactivity of Solar Flares as a Function

of the Brightness of the Glow of Metals in Them," Geomagnetizm i

aeronomiya, Vol.lO, No.2_ 1970.

Sarukhanyan$ E.I., Smirnov, N.P., "Solar Activity, Pressure Field of the

Earth 9 and Circulation of the Atmosphere," Geomagnetizm i aeronomiya,
VoI.IO, No.3, 1970.

Steblova, R.S._ Duguzhev, Kh.l., "O vozmozhnom razogreve ozonosfery v per-

iody proyavleniya solnechnoy aktivnosti" [On the Possible Heating of the

Ozonosphere in the Periods of Manifestation of Solar Activity], Izv.

AN SSSR_ Fizika atmosfery i okeana [News of the AN SSSR, Physics of the

Atmosphere and Ocean], Vol.6, No.l, 1970.

Tulinov, ¥.F., Moiseyev, Yu.N., Shapiro, I.G., Ulanova, L.A., "Function of the

Intensity of Corpuscular Radiation in the Upper Atmosphere on Solar

Activity," Kosmich. issled., Vol.8, No.2, 1970.

Shevnin, A.D., Fel'dshteyn, Ya.l., "Static and Dynamic Pressures of Solar

Wind on the Earth's Magnetosphere," Kosmich. issled., Vol.8, No._, 1970.

6. Cosmic Rays

Alekseyev, I.l., Kropotkin, A.P., Shabanskiy, V.P., "Uskoreniye kosmicheskikh

luchey na magnitogidrodinamicheskom razryve" [Acceleration of Cosmic Rays

on a Magnetohydrodynamic Discontinuity], Izv. AN SSSR T seriya fiz.

[News of the AN SSSR, Physics Series], No.ll, 1970.

Alekseyeva, K.I., "Results of a Study of the Interaction of Nucleons and

Heavy Nuclei of Cosmic Rays with Emulsion Nuclei Beyond the Boundaries

of the Atmosphere," Yadernaya fizika, Vol.ll, No.l, 1970.

Altukhov, A.M., Krymskiy, G.F., Kuz'min, A.I., Transkiy, I.A., "K issled-

ovaniyu tokov kosmicheskikh luchey v mezhplanetnoy srede. I" [Toward

an Investigation of the Cosmic Ray Currents in the Interplanetary

Medium. I], Izv. AN SSSR_ seriya fiz. [News of the AN SSSR, Physics

Series], No.ll, 1970.

Altukhov, A.M., Krymskiy, G.F., Kuz'min, A.I., Transkiy, I.A., "K issled-

ovaniyu tokov kosmicheskikh luchey v mezhplanetnoy srede. II" [Toward

an Investigation of the Cosmic Ray Currents in the Interplanetary

Medium. II], ibid.

32



Amine,a, T.P., Aseykin, V.S., et alo, "Ustanovka dlya izucheniya shiroklkh

atmosfernykh liniy i yadernykh vzaimodeystviy chastits kosmicheskogo

izlucheniya s energiyey 1012-1016 ev" [Installation for Studying Broad

Atmospheric Lines and Nuclear Interactions of Particles of Cosmic Radi-

ation with 1012 to 1016 EV Energy], Trudy FIAN [Proceedings of the Physics

Institute imeni P.N. Lebedev of the AN SSSR]_ Vo1._6, 1970.

Baradzey, L.T., Kanevskaya, Ye.A._ Smorodin 9 Yu.A., "Metodika izmereniya

energii elektronno-fotonnykh kaskadov fotometrirovaniyem pyaten pocher-

neniya v rentgenovskikh plenkakh" [Methodology of Measuring the Energy

of Electron-Photon Cascades by Photometry of Blackened Spots in X-Ray

Films], ibi____dd.

Bakhareva, M.F., Lomonosov, V.N., Tverskoy, B.A., "Ob uskorenii zaryazhennykh

chastits v peremennom magnitnom pole" [On the Acceleration of Charged

Particles in an Alternating Magnetic Field], Izv. AN SSSR! seriya fiz.

[News of the AN SSSR, Physics Series], No.ll, 1970.

Berezinskiy, V.S., Zatsepin, G.T., "Cosmic Neutrinos of Ultra-High Energies,"

YadernaTa fizika, Vol.ll, No.l, 1970.

Berlovich, E.Ye., "Ob obrazovanii sverkhtyazhelykh elementov v prirode"

[On the Formation of Ultra-Heavy Elements in Nature], Izv. AN SSSR! seriTa

fiz_____.[News of the AN SSSR, Physics Series], No.ll, 1970.

Bratolyubova-Tsukulidze, L.S., et al., "Measurement of Gamma-Quanta Flows

with More than 50 Mega-Electron Volts in the Initial Cosmic Radiation

on the 'Kosmos-2OS' Artificial Earth Satellite," Kosmich. is sled., Vol.

8, No.l, 1970.

Bugakov, V.V., Belyakov, S.A., Grigorov, N.L., et al., "Printsipy ustroystva

nauchnoy apparatury dlya izucheniya kosmichesklkh luchey vysokoy energli

na kosmicheskoy stantsii 'Proton-_'" [Working Principles of the Scientific

Apparatus for Studying High-Energy Cosmic Rays on the 'Proton-A' Space

Station], Izv. AN SSSR! seriya f iz. [News of the AN SSSR, Physics Series],

No.9, 1970.

Velinov, P.I._ Dorman, L.I., Nesterov_ G.T., "Povedeniye kosmicheskogo sloya

v nizhney ionosfere v period forbush-ponizheniy,, [Behavior of the Cosmic

Layer in the Lower Ionosphere in the Period of Forbush Decreases], Izv.

AN SSSRI seri[a fiz. [News of the AN SSSR, Physics Series], No.ll, 1970.

Vernov, S.N., Vakulov, P.V., et al., "Investigation of Cosmic Rays and

Radiation Belts on a Vertical Space Sound," Kosmich. issled., Vol.8,

No.3, 1970.

Vernov, S.N., et al., "Inzhektsiya energichnykh elektronov vo vnutrenniye

oblasti magnitosfery vo vremya magnitnoy buri 29oXo-&.XI 1968 g." [Injec-

tion of Energetic Electrons into the Inner Regions of the Magnetosphere

During the Magnetic Storm Between 29 October and 4 November 1968], Izv.

AN SSSR, seriya fiz. [News of the AN SSSR, Physics Series], No.ll, 1970.

/_121

133



Volobuyev, S.A., et al., "Issledovaniye pervichnogo gamma-izlucheniya s

E _ 200 Hey na ISZ s pomoshch'yu iskrovoy kamery" [Investigation of

Primary Gamma Radiation with E _ 200 Mega-Electron Volts on an Artificial

Earth Satellite by Means of a Spark Chamber], ibid.

Volodichev, N.N., Madeyeva, M.O., "ReGistration of Solar Protons with Energy

500 Mega-Electron Volts from a Chromosphere Flare," Vestn. MGU_ F!zika _

astronomiya, No.5, 1970.

Gagarin, Yu.F., Ivanova, N.S., Kulikov, V.N., "Interaction of Relativistic

Heavy Nuclei of Cosmic Rays with Photoemulsion Nuclei," Yadernaya f izika,

Vol.ll, No.6, 1970.

Gal'per, A.M., et al., "Zavisimost' potoka elektronov v verkhney atmosfere

ot sostoyaniya magnitosfery Zemli" [Function of the Electron Flux in the

Upper Atmosphere on the State of Earth's MagnetosPhere], Izv. AN SSSR!

seriya fiz., No.ll, 1970.

Grigorov, N.L., Kalinkin, L.F., Kogan-Laskina, Ye.I., Savenko, I.A., "High

Energy Electrons in Near Spacer" Kosmich. issled., Vol.8, No.3, 1970.

Grigorov, N.L., Madeyev, M.O., Rapoport, I.D., Savenko, I.A., "A Detector

of Charges and Direction for the Registration of High Energy Cosmic Rad-

iation Particles on the 'Proton-3' Scientific Space Station," Vestn. MGU 7

Fizika_ astronomiya, No.5, 1970.

Gubar', Yu.I., Shabanskiy, V.P., "0 radial'nom profile protonnogo poyasa"

[On the Radial Profile of the Proton Belt], Izv. AN SSSR_ seriya fiz.

[News of the AN SSSR, Physics Series], No.ll, 1970.

Guseva, V.V., Dobrotin, N.A., et al., "Apparatura i metodika issledovaniya

protsessa mnozhestvennogo rozhdeniya pri energii v sotni Gev. Kosmicheskiye

luchi i yadernyye vzaimodeystviya vysokoy energii" [Apparatus for and

Methods of Investigating the Process of Multiple Production with Energy

in the Hundreds of GeV. Cosmic Rays and Nuclear Interactions of High

Energy], Trudy FIAN [Proceedings of the Physics Institute imeni P.N.

Lebedev of the AN SSSR], Vol._6, 1970.

Guseva, V.V., Zelevinskaya, N.G., et al., "Metodika obrabotki eksperimental'nykh

dannykh_ poluchennykh prl pomoshchi kamery Vil'sona" [Method of Processing

Experimental Data Obtained by Means of a Wilson Cloud Chamber], ibid.

Gushchina, R.T., Dorman, I.V., Dorman, L.I., Pimenov_ I.A._ "Gelioshirotnyy

indeks solnechnoy aktivnosti HL i ll-letniye variatsii kosmicheskikh luchey"

[Index of Heliocentric Latitude of HL Solar Activity and ll-Year Variations

in Cosmic Rays], Izv. AN SSSR_ seriya fiz., No.ll, 1970.

Gushchina, R.T., Dorman, L.I., Ilgach, S.F., Kaminer, N.S., Pimenov, I.A.,

"Indeks solnechnoy aktivnosti HL i godovyye variatsii kosmicheskikh luchey"

[Index of HL Solar Activity and Yearly Variations in Cosmic Rays], ibid.

Dagkesamanskaya, I.M., Shishov, V.I., "Sil'nyye fluktuatsii intensivnosti

134



pri rasprostranenii voln ot kosmicheskikh istochnikov v statisticheski

odnorodnykh i izotropnykh sredakh" [Strong Fluctuations in Intensity

with the Propagation of Waves from Cosmic Sources in Statistically

Homogeneous and Isotropic Mediums], Izv. vyssh, uchebn, zaved. Radio-

fizika [News of the Higher Educational Institution of Radiophysics],

Vol.13, No.i, 1970.

Dobrotin, N.A., Slavatinskiy, S.A., "Sil'nyye vzaimodeystviya v kosmicheskikh /_.125

luchakh i v opytakh na uskoritelyakh" [Strong Interactions in Cosmic Rays

and in Experiments on Accelerators], Izv. AN SSSR! seriya fiz. [News of

the AN SSSR, Physics Series], No.9, 1970.

Doman, I.V., "The Spectrum of the ll-Year Variation in Cosmic Rays in the

Period 1965 to 1969 Based on the Results of Soviet Latitudinal Expeditions,"

Geomasnetizm i aeronomiya, Vol.lO, No._, 1970.

Dorman, L.I., "Investigation of Cosmic Rays in the Atlantic," Geofiz. b_ull.,

No.e1, 1970.

Dorman, L.I., Inozemtsev, O.I., "Issledovaniye usloviy v mezhplanetnom prost-

ranstve 13o dannym o trekhmernoy anizotropii kosmicheskikh luchey" [Inves-

tigation of the Conditions in Interplanetary Space Based on the Data of

the Three-Dimensional Anisotropy of Cosmic Rays], Izv. AN SSSR_ seri[a ,

fiz___..L., No.ll, 1970.

Dorman, L.I., Kaminer, N.S., Kebuladze, T.V., "Vozrastaniye intensivnosti

kosmicheskikh luchey pered forbush-ponizheniyami i sil'nyye udarnyye

volny v mezhplanetnoy srede" [Increase in the Intensity of Cosmic Rays

Prior to Forbush Decreases, and Strong Shock Waves in the Interplanetary

Medium], ibi_____d.

Dorman, L.I., "Problemy i osnovnyye rezul'taty issledovaniy variatsiy kos-

micheskikh luchey (modulyatsionnyye effekty)" [Problems and Chief Results

of Research on the Variations in Cosmic Rays (Modulation Effects)], ibi_____d.

Dorman, L.I., Sergeyev, A.V., "Spektr forbush-ponizheniy v oblasti 3 + 5 G__vv"

[Spectrum of Forbush Decreases in the 3 + 5 Gi@avolts], ibid.

Dorman_ L.I., Kobilinski, Z., "Sfericheski simmetrichnaya model' lodulyatsii

galakticheskikh luchey pri nalichii dvukh oblastey solnechnogo vetra s

anizotropnoy i izotropnoy diffuziyey" [A Spherically Symmetrical Model

of the Modulation of Galactic Cosmic Rays with the Presence of Two Regions

of Solar Wind with Anisotropic and Isotropic Diffusion], ibid.

Dorman, L.I., Kobilinski, Z., "Modulyatsiya 9alakticheskikh kosmicheskikh

luchey solnechnym vetrom, asimmetriya kotoro@o postepenno ubyvayet s udale-

niyem ot Solntsa" [Modulation of Galactic Cosmic Rays by Solar Wind Whose

Asymmetry Gradually Diminishes with Distance from the Sun], ibid.

Dyakin, V.V., Ye0orov, R.F., Shirokovskiy, V.P., "Elektronnyy spektr medi

vblizi poverkhnosti Fermi" [Electron Spectrum of Copper Near the Fermi

Surface], Dokl. AN SSSR [Reports of the AN SSSR], Vol.19g, No.5, 1970.

135



Zhdanov, G.B., Tret'yakova, M.I., Chernyavskiy, M.M., "Kvazinuklonnyye

yadernyye vzaimodeystviya protonov s energiyey 23 Gev v fotoemul'sii,

obluchennoy v impul'snom magnitnom pole 180 ke" [Quasi-Nucleon Nuclear

Interactions of Protons with an Energy of 23 Giga-Electron Volts in

Photoemulsion Irradiated in an Impulse Magnetic Field of 180 kOe],

Trudy FIAN [Proceedings of the Physics Institute imeni P.N. Lebedev of

the AN SSSR], Vol.46, 1970.

Zel'dovich, M.A., Kovrizhnykh, O.M._ Madeyev_ M.O., Savenko, I.A., "Increase

in the Intensity of Solar Protons Measured on the 'Proton-3' Artificial

Earth Satellite," Vestn. MGU! Fizika! astronomiya, Vol.ll 9 No.2, 1970.

Ivanova, N.S., Kulikov, V.N., Ga�arin, Yu.F., "O zaryadovom raspredelenii

tyazhelykh yader kosmicheskikh luchey v oblasti Z _ 26" [On the Charge

Distribution of Heavy Nuclei of Cosmic Rays in the Z _ 26 Region],

Izv. AN SSSR? seriya fiz. [News of the AN SSSR, Physics Series], No°ll,

1970.

Kapustin, I.N., "Registration of the Multiplicity Factors of the Neutron

Component of Cosmic Rays with Compensation of the Coincidence Effect,"

Geomagnetizm i aeronomiya, Vol.]O, No.l, 1970.

Kashkarov, L.L., Genayeva, L.I., Malyshev, V.V., Lavrukhina, A.K., "K issled-

ovaniye intensivnosti VN i VVN-yader galakticheskikh kosmicheskikh luchey

po trekam v mineralakh meteoritov" [Toward an Investigation of the Inten-

sity of VH and VVH-Nuclei of Galactic Cosmic Rays Based on Tracks in

Mineral Meteorites], Izv. AN SSSR! seriya fiz. [News of the AN SSSR,

Physics Series], No.ll, 1970.

Konstantinov, V.P., et al., "Issledovaniye potokov protonov v diapazone

i_5 4 50 Mev na AMS 'Zond-_' i 'Zond-5'" [Investi�ation of Proton Flows in the

1°5 4 50 Mev Band on the "Zond-_" and "Zond-5" Automatic Interplanetary

Stations], ibid.

Konstantinov, V.P., Golenetskiy, S.V., Mazets, Ye.P., Ii'inskiy, V.N.,

Aptekar', R.L._ Bredov, M.M., Gur'yan, Yu.A., Panov, V.N., "Gamma Ray

Research on the 'Kosmos-135' Artificial Earth Satellite," Kosmich. issled.,

Vol.8, No.6, 1970.

Konstantinov, V.P., Golenetskiy, S.V._ Mazets, ¥e.P., II'inskiy, V.N.,

Aptekar', R.L., Bredov, M.M._ Gur'yan, Yu.A._ Panov, V.N., "Investigation

of the Variations of Annihilation Gamma Radiation on the 'Kosmos-135'

Artificial Earth Satellite in Connection with the Possible Antimatter

" ibid.Property of Meteor Streams,

Kosmicheskiye luchi i yadernyye vzaimodeystviya vysokoy energii [Cosmic Rays /--126

and High-Energy Nuclear Interactions], Collection of Articles, Editor in

Chief D.V. Skobel'tsyn, Moscow, "Nauka" Press, 1970.

Krivoshapkin, P.A., Skripin, G.V., "Antisimmetrichnaya sutochnaya i polu-

sutochnaya variatsii kosmicheskikh luchey" [Antisymmetrical Diurnal and

Semidiurnal Variations in Cosmic Rays], Izv. AN SSSR? ser!_ _ fiz° [News

of the AN SSSR, Physics Series], No.ll, 1970.

136



Kuz'min, A.I., Skripin, G.V., Filippov, V.A., "Izmeneniye stepeni neregul-

yarnosti mezhplanetnogo magnitnogo polya s tsiklom solnechnoy aktivnosti"

[Change in the Degree of Irregularity of the Interplanetary Magnetic

Field with the Solar Cycle], ibid.

Kurnosova, L.V., et al., "Izmereniye energeticheskikh spektrov mnogozaryadnykh

yader na sputnike 'Kosmos-225'" [Measurement of the Energy Spectra of

Multiply Charged Nuclei on the "Kosmos-225" Satellite], ibi____d.

Kurnosova, L.V., Logachev, V.I., et al., "Issledovaniye yadernoy komponenty

kosmicheskikh luchey v period minimuma solnechnoy aktivnosti" [Investi-

gation of the Nuclear ComPonent of Cosmic Rays in the Period of Minimum

Solar Activity], Trudy FIAN [Proceedings of the Physics Institute imeni

P.N. Lebedev of the AN SSSR], Voi.46, 1970.

Lavrukhina, A.K., Revina, L.D., Malynev, V.V., et al., "Simulation of Nuclear

Reactions of the Interaction of Cosmic Rays with the Material of Stony

Meteorites," Geokhimi_a, No.5, 1970.

Lavrukhina, A.K., Ustinov, G.K., "Opredeleniye granits oblasti modulyatsii"

[Determination of the Boundaries of the Modulation Field], Izv. AN SSSR T

seriya fiz. [News of the AN SSSR, Physics Series], No.ll, 1970.

Makhmudov, B.M., Maduyev, V.L., "Measurement of the Absorption Dose of Cosmic

Radiation on the 'Kosmos-228' Satellite," V_eestn. MGU_ Fizika_ astronomiya_

No.e, 1970.

Miroshnichenko, L.I., Solntse i kosmicheski[e luchi [The Sun and Cosmic Rays],

Moscow, Znaniye Press, 1970.

Nikol'skiy, S.I., "Shirokiye atmosfernyye livni i vzaimodeystviye chastits

s energiyey vyshe _O13 ev" [Extensive Showers and the Interaction of

Particles with Energy Greater than 1013 ev], Trudy FIAN [Proceedings of

the Physics Institute imeni P.N. Lebedev of the AN SSSR], Vol.&6, 1970.

OsiPov, N.K., Pivovarov, V.G., Pivovarova, N.B. "On the Density of Charge

Sources with the Interaction of Streams of Charged Particles with the

Atmosphere," Kosmich. issled., Vol.8, No.3, 1970.

OsiPov, N.K., Pivovarova, N.B., Pivovarov, V.G., "Functions of Ion-Formation

When There Is Interaction of Protons with the Atmosphere," Kosmich. issled.

Vol.8, No.4, 1970.

Pankratov, A.K., "Sutochnaya anizotropiya kosmicheskikh luchey i neodnorodnost

mezhplanetnoy sredy" [Diurnal Anisotropy of Cosmic Rays and Inhomogeneities

of the Interplanetary Medium], Izv. AN SSSR_ seri_a fiz. [News of the AN

SSSR, Physics Series], No.ll, 1970.

Prilutskiy, O.F., Rozental', I.L., "Izlucheniya vo Vselennoy i kosmicheskiye

elektrony" [Radiation in the Universe and Cosmic Electrons], ibi____d.

Sazonov, V.N., "Influence of Ionization Loss on the Spectrum and Chemical

ComPosition of Cosmic Rays in the Region of Non-Relativistic Energy,"

137



Astronom. zh._ Vol._7, No.4, 1970.

Slavatinskiy, S.A., "Eksperimental'nyye dannyye o neuprugom protsesse

sil'nogo vzaimodeystviya pri energii 100-3000 Gev i ikh interpretatsiya"

[Experimental Data on the Inelastic Process of--_rong Interaction with

i00 to 3000 Gev of Energy and Their Interpretation], Trud[ FIAN [Pro-

ceedings of the Physics Institute imeni P.N. Lebedev of the AN SSSR],

Vol.&6, 1970.

Stozhkov, Yu.I., Charakhch'yan, A.N., Charakhch'yan, T.N., "Energeticheskiy

spektr ll-letnlkh variatsiy intensivnosti kosmicheskikh luchey na voz-

rastayushchey vetvi" [Energy Spectrum of the ll-Year Intensity Variations

in Cosmic Rays on a Growing Branch], ibid.

Fetisov, I.N., "Perekhodnyye effekty v ionizatsionnom kalorimetre" [Trans-

itional Effects in an Ionizing Calorimeter], Trudy FIAN [Proceedings of

the Physics Institute imeni P.N. Lebedev of the AN SSSR], Vol.&6, 1970.

Charakhch'yan, A.N., Charakhch'yan, T.N., "Modulyatsiya galakticheskikh

kosmicheskikh luchey i solnechnaya aktivnost'" [Modulation of Galactic

Cosmic Rays and Solar Activity], Izv. AN SSSR? seriya fiz. [News of the

AN SSSR, Physics Series], No.ll, 1970.

Charakhch'yan, A.N., Chakhch'yan, T.N., "On the Energy Spectrum of Cosmic

Rays in Interstellar Space," Geomagnetizm i aeronomi[a , Vol.lO, No.2, 1970.

Cherdyntsev, V.V. "Sverkhtyazhelyye atomnyye yadra v kosmose" [Superheavy

Atomic Nuclei in Space], Izv. AN SSSR I seriya fiz. [News of the AN SSSR,

Physics Series], No.ll, 1970.

/j27

Shishov, V.I., "Intensity Fluctuations in Galactic Cosmic Rays," Geomagnetizm

i aeronomiya, Vol.lO, No.&, 1970.

7o Lunar Research

Barabashov, N.P., "On the Causes of the Difference in the Distribution of

Brightness on the Disks of the Moon a_d Mars at Phases Close to Zero,"

Astronom. zh., VoI.&7, No.5, 1970.

Bolduin, R.B., "Toward the Problem of the Origin of Large Lunar Craters and

Round Seas," Astronom. resin., Vol.&, No.3, 1970.

Bondarenko, L.N., Leykin, G.A., "Investigations of the Physical Properties

of the Lunar Surface in the USSR," ibid.

Vinogradov , A.P., "Toward the Origin of Lunar Rocks," Geokhimiya, No.l, 1970.

Gavrilov, V.P., "On the Possible Periodicity in the Thermal History of the

Moon," Astronom. vestn., VoI.&, No.l, 1970.

fiorynya, A.A., Posto[anny_e fizichesko[ libratsii Luny [Constant Physical

Librations of the Moon], Kiev, "Naukova dumka" Press, 1969o

138



Kislyuk, V.S., "Systematic and Chance Differences in Selenodesic Supporting

Networks," Astronom. zh., Voi.47, No.3, 1970.

Gurshteyn, A.A., Konopikhin, A.A., "Method of Comparative Analysis of Plane

Support Systems on the Lunar Surface with the Application of Maps with

a Scale of I:i,OOO,0OO," Astronom. zh., Voi.47, No.5, 1970.

Zonnenshtral', G.A., Fel'dman, Yu.I., "Specific Effective Area of Scattering

of the Lunar Surface Based on the Data of Measurements by the 'Luna-9'

and 'Luna-13' Automatic Space Stations," Kosmich. issled., Vol.8, No.&,

1970.

Kozyrev, N.A., "Red Spot Inside Aristarchus on 1 April 1969," Astronom. zh.,

Vol.&7, No.l, 1970.

Lipskiy, ¥u.N., "Some Results of a Direct Study of the Surface of the Moon,"

Vestn. AN SSSR, No.lO, 1970.

Lipskiy, Yu.N., Nikonov, V.A., "Position of the Catalog Centers of the Base

Points on the Moon," Astronom. tsirkulyar, No.582, 1970.

Lipskiy, Yu.N., Nikonov, V.A., "Structure of the Hypsometric Map of the

Visible Hemisphere of the Moon with a Consideration of the Relief,"

Astronom. zh_., Vol.&7, No.2, 1970.

Lipskiy, Yu.N., Chikmachev, V.I., "Catalo@ of the Support Points of the

Western Libration Zone and the Eastern Sector of the Far Side of the

Moon," Astronom. zh., Voi.47, No.6, 1970.

Lipskiy, Yu.N., Shevchenko, V.V., "Bases of the Physical Mapping of the

Lunar Surface," Astronom. zh., Vol._7, No.3, 1970.

Lipskiy, Yu.N., Shteynberf, G.S., Pospergelis, M.M., Novikov, V.V., "Exper-

ience of the Aerological Investigation of the Volcanic Covers of Kamchatka,"

Astronom° zh., Voi.47, No.2, 1970.

Luk'yanov, L.G., "On One Method of Determining the Relationship of the Masses

of the Earth and Moon," Astronom. zh., Vol.&7, No.4, 1970.

Matveyev, Yu.G., "Structure of the Upper Reflectin 9 Layer of the Moon,"

ibid.

Mukhamedzhanov, A.K., Davydova, G.V., "Toward the Theory of Seismic Vibrations

of the Moon Based on the Data of a Collision of the Takeoff Stage of the

Lunar Section of the 'Apollo-12' Spaceship," Kosmich. issled., Vol.8,

No.5, 1970.

Nikonov, V.A., Skobeleva, T.P., "Evaluation of the Altitude Accuracy of Sel- /_.12

enodesic Catalo@ues," Astronom. tsirkulTar , No.582, 1970.

Novikov, V.V., "A Comparison of the Polarization Characteristics of the Vol-

canic Covers of Kamchatka and the Lunar Surface," Astronom. vestn., Vol._,

No.3, 1970.

139



Osipov, G.F., "Toward the Problem of the Gradual Rotational Motion of the

Moon Under the Influence of the Earth's Attraction," Astronom. zh.,

Vol.&7, No.2, 1970.

Perv[[e panoramy lunnoy poverkhnosti [First Panoramas of the Lunar Surface],

in two volumes, Moscow, "Nauka" Press, 1969. Volume 2, Po materialam

avtomaticheskikh stantsiy "Luna-9" i "Luna-13" [Based on Materials from

the "Luna-9" and "Luna-13" Automatic Space Stations].

Problem[. @eologii Luny [Problems of Lunar Geography], Collection of Articles,

Editor in Chief A.V. Peyve, Moscow, "Nauka" Press, 1969.

Rodionova, Zh.F., "Hypsometric Levels of the Lunar Seas," Astronom. tsir-

kulyar, No.S&5, 1970.

Rozenberg, G.V., "Atmospheric Pressure on the Moon Based on the Data of

Surveyor-VII Twilight Photo0raphy," Astronom. zh., Vol.&7, No.2, 1970.

Troitskiy, V.S., "Effectiveness Thickness of the Radioactive Layer of the

Moon," Astronom. vestn., VoI.&, No.&, 1970.

Troitskiy, V.S., Tikhonova, T.V., "Teplovoye izlucheniye Luny i fizicheskiye

svoystva yeye verkhnego pokrova" [Thermal Radiation of the Moon and the

Physical Properties of its Upper Mantle], Izv. v_ssh, uchebn, zaved.

Radiofizika, Voi.13, No.9, 1970.

Fedoseyev, L.I., Kulikov, Yu.Yu., "Measurement of Lunar Radio Waves on the

l.&2 mmWave," Astronom. zh., Vol.&7, No.&, 1970.

Cherkasov, I.I., Mikheyev, V.V., Petrukhin, V.P., Shvarev, V.V., "Mechanics

of the Lunar Soils," Osnovaniza ! fundament[ i mekhanika @runtov, No.2,
1970.

Cherkasov, I.I., Shvarev, V.V., Shteynberg, G.S., Baytursunova, N., Druzhin-

inskaya, V.I., "Fizicheskiye i mekhanicheskiye svoystva sovremennykh

rykhlykh otlozheniy vulkanov Kamchatki i ikh sopostavleniye so svoystvami

gruntov Luny" [Physical and Mechanical Properties of Modern Loose Deposits

of Volcanoes on Kamchatka and Their Comparison with the Soil Properties

of the Moon], Izv. AN SSSR! Fizika Zemli [News of the AN SSSR, Physics

of the Earth], No.ll, 1970.

Chikanov, Yu.A., "On the Determination of the Parameters of the Moon's

Gravitation Field Based on Trajectory Measurements of an Artificial Moon

Satellite," Astronom. vestn._ Vol.&, No.3, 1970.

Shevchenko, V.V., "Physical Mapping of the Moon Based on Photometric Data,"

Astronom. zh., Vol.&7, No.3, 1970.

Yakovlev, 0.I., Matyugov, S.S., Shvachkin, K.M., "Parameters of Scattered

Radio Waves and the Nature of the Lunar Surface Based on the Data of the

'Luna-l&' Satellite," Radiotekhnika i elektronika, Vol.!5 , No.7, 1970.

l&O



8. Investigation of the Planets of the Solar System

Avduyevskiy, V.S., Marov, M.Ya., Rozhdestvenskiy, M.K., "Results of Measure-

ments on the 'Venera-5' and 'Venera-6' Automatic Space Stations and a

Model of the Atmosphere of Venus," Kosmich. issled., Vol.8, No.6, 1970.

Avilova, I.V., Biberman, L.M., Vorob'yev, V.S._ et al., "Optical Properties

of Hot Gases. Mixtures of CO 2 + N 2 (Investi0ation of the Atmosphere of

the Planets)," Teplofizika vysokikh tempetatur, Vol.8, No.l, 1970.

Avro_chUkhaVeV i61 _n_hLRe_otnSiOf (6_it _ph_e_TYonO ft _heDAbkOorPt JOpi Be_dS

Astronom. zh., Vol.47, No.3, 1970.

Aleshin, V.I., Shchuko, O.B., "Thermal Conditions in Region of the South Pole

of Mars," Astronom. zh., Vol.&7, No.2, 1970.

Anolik, M.V., Krasinskiy, G.A., Pius, L.Yu., "Trigonometricheskaya teoriya

vekovykh vozmushcheniy bol'shikh planet" [Trigonometric Theory of Secular

Perturbations of Large Planets], Trud[ In-ta teoret, astronomii AN SSSR

[Proceedings of the Institute of Theoretical Astronomy of the AN SSSR],

No.l&, 1969.

Barabashov, N.P., "On the Intrinsic Brightness of Mars," Astronom. vestn.,

Vol.&, No,l, 1970.

/__29

Barabashov, N.P., "On the Means of Determinin0 the Smoothness Factor of the

Surfaces of Planets," Astrgnomo resin., Vol.4, No.2, 1970.

Bobrov, M.S., Kol'tsa Saturna [Saturn's Rings], Moscow, "Nauka" Press, 1970.

Bobrov, M.S., "New Data on Saturn's System," Astronom. vestn., Vol._, No.3,

1970 •

Bondarenko_ L.N., "Physics of the Moon and the Planets," Vestn. AN SSSR,

No.lO, 1970.

Borzh, M.P., "General Perturbations of Juno From All the Large Planets,"

Vestn. MGU! Fizika t astronomiTa , No.3, 1970.

Vetukhnovskaya, Yu.N., Kuz'min, A.D., "The Planet Venus," Astronom. vestn.,

Vol.&, No.l, 1970.

Vetukhnovskaya, Yu.N., Kuz'min, A.D., Losovskiy, B.Ya., "Measurements of the

Radio Waves of Mars on the 8.22 mm Wave and an Evaluation of the Electric

Parameters of the Planet's Surface," Astronom. resin., VoI._, No._, 1970.

Vino0radov , A.P., Surkov_ Yu.A., et al._ "Chemical Composition of Venus,"

Kosmich. issled., Vol.8, No.4, 1970.

Ginzburg, V.L., Sovremennaya astrofizika [Modern Astrophysics], Moscow, "Nauka"

Press, 1970.

l&l



Golitsyn, G.S., "Novyye rezul'taty issledovaniya atmosfer Marsa i Venery"

[New Results of the Investigation of the Atmospheres of Mars and Venus],

Izv. AN SSSR! Fizik 9 atmosfery i okeana [News of the AN SSSR, Physics of

the Atmosphere and Ocean], Vol.6, No.3, 1970.

Golitsyn, G.S., "Teoriya podobiya dlya krupnomasshtabnykh dvizheniy planetnykh

atmosfer" [Theory of Similitude for Large-Scale Motions of Planetary At-

mospheres], Dokl. AN SSSR [Reports of the AN SSSR], Vol.190, No.2, 1970.

Golitsyn, G.S., Romanova_ N.N., "On the Distribution of Heat in Rarefied and

Inhomogeneous Atmospheres (of Planets and Stars)," Geomagnetizm i aeronomiTa ,

Vol.lO, No.i, 1970.

Grebenikov, Ye.A., "Method of Constructing an Analytic Trigonometric Theory

of Motion of Resonance Asteroids," Astronom. zh., Vol._7, No.2_ 1970.

Davydov, V.D., "Halo Phenomena in the Atmosphere of Mars on Ice and Undeter-

mined Crystals," Astronom. zh., Vol._7, No.i, 1970.

Davydov, V.D., "The Effect of the Opposition of Mars and Certain Possible

Features of the Structure of Crystals in the Martian Atmosphere," Astronom.

zh., Vol._7, No.e, 1970.

Dagayev, M.M._ Radziyevskiy 9 V.V., "A Graphical Method of Solving the Problems

of Two Bodies," Astronom. vestn., Vol._, No.l, 1970.

Deych, A.N., "Fotograficheskiye nablyudeniya sputnikov Marsa v Pulkove"

[Photographic Observations of the Satellites of Mars in Pulkova], Izv.

Glavn. astronom, obs. v Pulkove [News of the Main Astronomical Observatory

in Pulkova], No.185, 1970.

Zharkov, V.N., Trubitsyn, V.P., "Planets with a Homogeneous and Gradual

Distribution Of Density," Astronom. zh., Vol.&7, No.6, 1970.

Zharkov, V.N., Trubitsyn, V.P., Kalachnikov, A.A., "K raschetu gravitsionnogo

momenta Y 6 Yupitera i Saturna" [Toward a Calculation of the T 6 Gravity

Moment of Jupiter and Saturn], Dokl. AN SSSR [Reports of the AN SSSR],

Voi.195, No.2, 1970.

Zigel', F.Yu°, Malyye planety [The Minor Planets], Moscow, "Nauka" Press, 1969.

Ziman, Ya.L., Nepoklonov, B.V._ Rodionov, B.N., "Determination of Rotation

Vector of the Planets," Astronom. zh., Vol._7, No.6, 1970.

Zinov'yev, V.A., "Observations of Mercury Between 196_ and 1967," Astronom.

vestnt. , Vol.A, No.2, 1970.

Zinov'yev, V.A., "Observations of the Planet Venus Between 196% and 1967,"

Astronom. vestn., Vol.4, No.l, 1970.

O

Ibragimov, N.B., "On the Thin Structure of the Absorption Bands Near 6800 A

in Saturn's Spectrum," Astronom. tsirkulyar, No.566, 1970.

1_._.



" /130Ibragimov, N.B., "Spectrophotometric Investigation of Details on Venus,

Astronom. vestn., Vol.&, No.I, 1970.

Kaneyev, I.I., "Nablyudeniye sputnika Marsa pri pomoshchi shchelevogo oslabitelya"

[Observation of Mars' Satellite by Means of a Slot Attenuator], Izv. Glavn.

astronom, obs. v Pulkove [News of the Main Astronomical Observatory in

Pulkova], No.185, 1970.

Kerzhanovich, V.V., Andreyev, B.N., Gotlib, V.M., "Issledovaniye dinamiki

atmosfery Venery s pomoshch'yu avtomaticheskikh mezhplanetnykh stantsiy

'Venera-5' i 'Venera-6'" [Investigation of the Dynamics of the Atmosphere

of Venus by Means of the "Venera-5" and "Venera-6" Automatic Interplanetary

Space Stations], Dokl. AN SSSR [Reports of the AN SSSR], Voi.194, No.2,

1970.

Kiseleva, T.P., "Fotograficheskiye polozheniya Marsa, poluchennyye na dvoynom

korotkofokusnom astro@rafe Pulkovskoy observatorii v 1962-1965 gg."

[Photographic Positions of Mars Obtained on a Double Short-Focus Astro-

graph of the Pulkova Observatory Between 1962 and 1965], Izv. Glavn.

astronom, obs. v Pulkove [News of the Main Astronomical Observatory in

Pulkova], No.185, 1970.

Kolesov, A.K., Smoktiy, O.I., "Diffuse Reflection and Passage of Light of

the Planetary Atmosphere When There Is a Three-Member Indicatrix of

Scattering," Astronom. zh., Voi.47, No.2, 1970.

Kolosov, M.A. 9 Yakovlev, O.I., Yakovleva, G.D., Yefimov, A.I.,"Radio Wave

Fluctuations and Inhomogeneities in the Refractive Index of the Atmosphere

of Venus," Kosmich. issled., Vol.8, No.6, 1970.

Kolosov, M.A., Yakovlev, O.I., Yefimov, A.I., "Propagation of Radio Waves

in the Atmosphere of Venus Based on the Data of the 'Venera-4', 'Venera-5',

and 'Venera-6' Space Stations," Radiotekhnika i elektronika, Vol.15, No.12,

1970.

Krupenio, N.N., "New Information on the Atmospheres of Planets," Vestn. AN

SSSR, No.3, 1970.

Martynov, D.Ya., Planety. Reshennyye i nereshenn)Te problemy [The Planets.

Solved and Unsolved Problems], Moscow, "Nauka" Press, 1970.

Matora, I.M., "0 temperature ekzosfer Zemli, Merkuriya, Venery, Marsa,

Yupitera i korony Solntsa" [On the Temperature of the Exospheres of the

Earth, Mercury, Venus, Mars, Jupiter, and the Sun's Corona], Dokl. AN

SSS._._R[Reports of _he AN SSSR], Vol.I90, No.6, 1970.

Minkevich, A.F., Sokol'skiy, A.A., "A Calculat$on of the Rotation of the

Perihelion of Mercury in the Lorentz Covariant Theory of Gravity," Vestn.

Belorus. un-ta! Matematika? fizika! mekhanika, No.i, 1970.

Morozhenko, A.V., Rubashevskiy, A.A., Yanovitskiy, E.G., "Results of the

Statistical Processing of the Phase Dependence of Intrinsic Brightness

of Mars," Astronom. zh., Voi.47, No.5, 1970.

143



Naumov,A.P., Strelkov, G.M., "Theoretical Sub-Millimeter Emission Spectrum
of Venus," Astronom. vestn., Vol.5, No.4, 1970.

Orlov, A.A., "Computation of the Intermediate Orbits of Planetary Companions

with a Consideration of Solar Disturbances," B_rull. In-ta teoret, astro-

nomii, Vol.12, No.2, 1970.

Osipov, G.F., "The Existence of Integral Equations of the Gradual Rotational

Motion of a Satellite in the Circular Problem of Three Bodies," Astronom.

zh., Voi.47, No.3, 1970.

Pellinen, L.P., "New Space Geodesy Investigation Abroad and International

Cooperation in this Field," Geodeziya i kartografiya, No.ll, 1970.

Rzhiga, O.N., "An Analysis of the Brightness Temperature Spectrum and the

Structure of the Lower Atmosphere of Venus," Astronom. zh., Vol.&7, No.3,

1970.

Sadriyev, R.K., "A Comparison of Disturbances in the Motion of Ceres from

Neptune, Determined by the Laplace-Newcomb and Hill Methods," B_ull. In-ta
teoret, astronomii, Vol.12, No.2, 1970.

Samoylova-Yakhontova, N.S., "The Minor Planets," Byull. In-ta teoret, astronomii,

Vol.]2, No.l, 1970.

Teyfel', V.G., "Giant Planets," Astronom. vestn., Vol.40 No.2, 1970.

Teyfel', V.G., "Optical Properties and Structure of the Atmosphere of Jupiter.

III. Spectrophotometric Features of the Red Spot," Astronom. vestn.,

Vol._, No.l_ 1970.

/_131

Troitskiy, V.S., "On the Possibilities of Investigating the Properties of

Matter of Mars by its Radio Waves," Astronom. zh., VoI.%7, No.2, 1970.

Turchak, L.I., "Sverkhzvukovoye neravnovesnoye obtekaniye segmental'nykh

tel smes'yu, modeliruyushchey atmosferu Venery" [Unequal Supersonic Flow

of Segmental Bodies with a Mixture Simulating Venus' Atmosphere], Izv.

AN SSSR_ Mekhanika zhidkosti i 9aza [News of the AN SSSR, Mechanic_-'_of

Liquid and Gas], No.2, 1970.

Tyuflin, Yu.S., "Problems of Photographing the Earth and the Planets at the

XIII Session of COSPAR," GeodeziTa i kartografi[a, No.ll, 1970.

Chebotarev, G.A., "Dynamics of the Small Bodies of the Solar System," B_II.

In-ta teoret, astronomii, Vol.12, No.l, 1970.

Chebotarev, G.A., Belyayev, N.A., Yeremenko, R.P., "Evolution of the Orbits

of the Minor Planets of the Hilda Group and of the Minor Planet Thule,"

ibid.

Chebotarev, G.A., Shmakova, M.Ya., "Structure of the Central Part of the Ring

of the Minor Planets," ibi____d.

ll, Z,



Chernykh, N.S., "An Experiment to Determine the Mass of Jupiter Based on

Observations of the Asteroid I0 Hygiea,"

Chernykh, L.I., "Observations of Asteroids at the Crimean Astrophysical

Observatory of the Academy of Sciences of the USSR, (Twelfth Report),"

Byull. In-ta teoret, astronomii, Vol.12, No.2, 1970.

Shred, G.M., "On the Conditions of Anomalous Intensification of Radiation

in Planetary Atmospheres Along Tangent Directions," Kosmich. issled.,

Vol.8, No.6, 1970.

Efemeridy malykh planet [Ephemerides of Asteroids], Leningrad, "Nauka" Press,

1969.

9. Meteors and Meteorites

"On Diffusion in Meteor Trails," Geoma@netizmAminov, A.N., Kostylev, K.V.,

i aeronomiya, Vol.lO, No.4, 1970.

Andrianov, N.S., Popova, ¥.N., Sidorov, V.V., "A Study of the Orbits of Tiny

Meteor Bodies by the Slope Radio Sounding Method," Astronom. resin.,

Vol.&, No.l, 1970.

Babadzhanov, P.B., German, T.I., "Orbits of the Leonids Based on Photographic

Observations in 1965 and 1966," B_ull. In-ta astrofiziki AN TadzhSSR,

No.53, 1970.

Bakharev, A.M., Nasyrova, L.I., Shodiyev, U., "Investigation of the Spectrum

of a Meteor Trail," ibid.

Bel'skiy, S.A., "Magnetic Fields of Meteor Showers as a Possible Mechanism

of Diffusing Cosmic Rays in Circumsolar Space," Astronom. zh., Vol.&7,

No.l, 1970.

Benyukh, V.V., "Certain Features of Meteors with Flares," Astronom. vestn.,

Vol.&, No.4, 1970.

Bibarsov, R.Sh., Rubtsova, V.A., "Parameter s of the Perseids Meteor Shower
m

in 1964 Based on Observ&tions on _ = 17 m in Dushanbe," B[ull. In-ta

astrofiziki AN TadzhSSR, No.53, 1970.

Bibarsov, R.Sh., Fialko, Ye.I., "A Method of Estimating the Speed of Photo-

detachment Based on Radar Observations of Meteors," Komet 7 i meteory,

AN TadzhSSR, Astronomical Council of the AN SSSR, No.19, 1970.

Vdovykin, G.P., Almazy v meteoritakh [Diamonds in Meteorites], Moscow,

"Nauka" Press, 1970.

Vdovykin, G.P., "On the Origin of Diamonds in Meteorites and Kimberlites,"

Geokhimi[a, No.ll, 1970.

/._32

145



Gul'medov, Kh.D., Lagutin, M.F., Smagin, D.M., Khanberdyyev, A.Kh., "Opred-

eleniye radianta vysoty meteora pri radiolokatsii nepreryvnym izlucheniyem"

[Determination of Meteor Height Radiant with Radar by Continuous Radiation],

Izv. AN TadzhSSR_ seriya fiz._ tekhn._ khim. i geol. nauk [News of the

AN TadzhSSR 9 Series of Physical, Technical, Chemical, and Geological

Sciences], No.2, 1970.

Daube, I.A., "Meteority Latvii (izucheniye ikh v XIX v.)" [Meteorites of

Latvia (A Study in the 19 _ Century)], Vopros 7 istorii 7estestvoznaniya

i tekhniki [Problems of the History of Natural Science and Engineering],

No.Z, 1970.

Derbeneva, A.D., "Luminous Efficiency of Meteors," Komet_ i meteor[, AN

TadzhSSR, Astronomical Council of the AN SSSR, No.19, 1970.

Dobrovol'skiy, O.V., "Microstructure of the Electrostatic Fields of Comets

and Meteor Bodies," ihi___dd.

Zotkin, I.T., Tsvetkov, V.I., "On Searches for Meteor Craters on the Earth,"

Astronom. resin., Vol.&, No.l, 1970.

Ibadinov, Kh., Kaymakov, Ye.A., "Formation and Destruction of Dust Matrices

with Sublimation of Dusty Ice," Komety i meteory, AN TadzhSSR, No.19, 1970.

Ivanikov, V.I., "On the Reduction of Meteor Brightness to the International

System" ibid.

Ivanikov, V.I., Zolova, O.F., "Spectral Distribution of Energy and Color

Index of Two Meteors," Byull. In-ta astrofiziki AN TadzhSSR, No.53, 1970.

Karimov, K.A., Kostromin, V.D., Bektemirov, T.V., Berezovskiy, M.I., "Radar

Observations of the Number of Meteors in Frunze Based on the IQSY Program

in 196&-1965," Komet 7 i meteory, AN TadzhSSR, Astronomical Council of the

AN SSSR, No.18, 1970.

Katasev, L.A., Lagutin, M.F., Lysenko, I.A., Petruchek, T.P., "The Number

of Meteors Based on Radar Observations in Antarctica," Astronom. vestn.,

Vol.&, No.3, 1970.

Kashcheyev, B.L., Novoselova, N.V., Tkachuk, A.A., "Characteristics of the

Orbits of Faint Meteors (up to +12m), '' Astronom. vestn., Vol.&, No.&, 1970.

Kolmakov, V.M., Polushkin, G.A., "Phase Meter for Measuring the Angular

Coordinates of Meteor Trails," Byull. In-ta astrofiziki AN TadzhSSR, No.53,
1970.

Korpusov, V.N., Lebedinets, V.N., "Radio Meteor Orbits," Astronom. vestn.,

Vol.&, No.2, 1970.

Lavrukhina, A.K., "On the Differentiation of Rare Earth Elements in Meteoritic

Matter," Geokhimiya, No.l, 1970.

l&6



Lagutin, M.F., Smagin,D.M., "Methodof Treating Reflected Signals with
Meteor Radar by ContinuousRadiation," Komety i meteory, AN TadzhSSR,

Astronomical Council of the AN SSSR, No.18, 1970.

Lebedinets, V.N., "Density of the Shower of Meteor Bodies Based on the

Data of Meteor Radio Observations," Komety i meteory, AN TadzhSSR, Astron-

omical Council of the AN SSSR, No.19, 1970.

Lebedinets_ V.N., "Successes of Meteor Aeronomy," In: Problemy astronomii

i geodezii [Problems of Astronomy and Geodesy], Moscow, "Nauka" Press,

1970.

Martynenko, V.V., "Small Meteor Showers in August and September of 1968,"

Astronom. vestn., Vol.4, No.l, 1970.

Martynenko, V.V., "A Rain of Faint Meteors on 22-24 October 1969," Astronom.

vestn., Vol.4, No.3, 1970.

Musiy, V.I., Shestak, I.S., "On the Determination of Mass Vaporized Durin@

a Meteor Flare," Astronom. vestn., Vol.4, No.2, 1970.

Nazarova, T.N., "Meteoritic Matter in the Vicinity of the Earth," Kosmich.

issled., Vol.8, No.l, 1970.

/133

Nechitaylenko, V.A., "A System of Defense from Interference of Meteor

Stations," Komety i meteor y, AN TadzhSSR, Astronomical Council of the

AN SSSR, No.18, 1970.

Ozerova, N.A., Aydin'yan, N.Kh., Kvasha, L.G., Shikina, N.D., "O rtuti v

meteoritakh" [On Mercury in Meteorites], Dokl. AN SSSR [Reports of the

AN SSSR], Vol.lq4, No.5, 1970.

Savrukhin, A.P., "Rezul'taty teleskopicheskikh nablyudeniy dreyfa meteornykh

sledov v Ashkhabade v 1965 0-" [Results of Telescopic Observations of the

Drift of Meteor Trains in Ashkhabad in 1965], Izv. AN TadzhSSR T seriya

fiz._ tekhn.? khim. i geol. nauk [News of the AN TadzhSSR, Series of

Physical, Technical, Chemical, and Geological Sciences], No.5, 1969.

Simonenko, A.N., "Nomograms for Determining Corrections for Zenith Attraction,"

Astronom. vestn., Vol.4, No.2, 1970.

Stepanov, Yu.S., "On One Possible Method of Estimatin@ the Velocity and

Dimensions of Meteoric Bodies," Kosmich. issled., Vol.8, No.5, 1970.

" Astronom."On the Brightness Curve of Telescopic Meteors,Khotinok, R.L.,

vestn., Vol.4, No.3, 1970.

Chebotarev, R.P., "Ran0e Finder Radio Technique of Determinin@ the Angular

Coordinates of Meteor Trains," Komety i meteory, AN TadzhSSR, Astronomical

Council of the AN SSSR, No.19, 1970.

Shkerin, L.M., "On Collisions of Meteor Masses with the Earth and Moon,"

Astronom. vestn., Vol.4, No.3, 1970.

147



Yanel', A.A., "Distribution of Elements of the Platinum Group and Rhenium

in Iron Meteoritic Matter," Geokhimiya, No.2, 1970.

Yakovets, A.F., "Methods of Investigating the Multibeam Property on

Meteoric Radio Paths," Geomagnetizm i aeronomiya, Vol.lO, No.3, 1970.

IO. Comets

Gnedin, Yu.N., Dolginov, A.Z., Novikov, G.G., "Physical Processes in the

Head of a Comet," Astronom. zh., Voi.47, No.4, 1970.

Dobrovol'skiy, O.V., "Spektrofotometriya komety Khonda 1968 g." [Spectro-

photometry of Honda's Comet in 1968], Dokl. AN TadzhSSR [Reports of the

AN TadzhSSR], Vol.13, No.4, 1970.

Yegibekov, P., "Analiz nablyudennogo raspredeleniya plotnosti veshchestva

v atmosferakh komet" [Analysis of the Density Distribution of Matter in

the Atmospheres of Comets], Dokl. TadzhSSR [Reports of the AN TadzhSSR],

VoI.I__22, No.9, 1969.

Yegibekov, P., "One of the Possible Causes of the Asymmetry of the Brightness

Curves of Comets Relative to Perihelion," Byull. In-ta astrofiziki AN

TadzhSSR, No.53, 1970.

Kiselev, N.N., "Photoelectric and Polarimetric Observations of Honda's

Comet in 1968," Komety i meteory, AN TadzhSSR, Astronomical Council of

the AN SSSR, No,19, 1970.

Komety i meteory, Editor in Chief O.V. Dobrovol'skiy, AN TadzhSSR, Astronomical

Council of the AN SSSR, Dushanbe, Donish Press, No.19, 1970.

Mamadov, 0., "On the Atomic Hydrogen in Comets," Byull In-ta astrofiziki

AN TadzhSSR, No.53, 3970-

Osherov, R.S., "Polarization Observations of Honda's Comet in 1968, Komety

i meteory, AN TadzhSSR, Astronomical Council of the AN SSSR, No.19, 1970.

Osherov, R.S., Filatov, G.S., "Photometric Parameters of Comets Based on

Observations of Van Biesbroeck's Comet," Byull. In-ta astrofiziki AN

TadzhSSR, No.53, 1970.

Osherov, R.S., Filatov, G.S., "Observations of a 1966 Comet in Kilston,"

ibid.

Radziyevskiy, V.V., Tomanov, V.P., "Toward the Problem of the Origin of

Almost Parabolic Comets," Astronom. zh., Voi.47, No.5, 1970.

ii. Investigation of Interplanetary Space /_134

148



Varshalovich, D.A., "Spin State of Atoms and Molecules in the Cosmic Medium,"

Usp. fiz. nauk, Vol.lOl, No.3, 1970.

Volkov, G.I., Zastenker, G.N., et al., "Certain Features of the Study of

Flows of Charged Particles by Means of Traps and Analyzers. I. Modula-

tion Traps," Kosmich. issled., Vol.8, No.3, 1970.

Gringauz, K.I., Bezrukikh, V.V., Volkov, G.I., Musatov, L.S., Breus, T.K.,

"Perturbation of Interplanetary Plasma Near Venus Based on Data Obtained

on the 'Venera-_' and 'Venera-6' Space Satellites," ibid.

• "A Comparison of theDolginov, Sh.Sh., Yeroshenko, Ye.G. Zhuz@ov , L.N ,

Measurements of the Interplanetary Magnetic Field from the 'Venera-4'

and 'Mariner-5' Space Stations," Kosmich. issled., Vol.8, No.2, 1970.

Ivanov, K.G., Mikerina, N.V., "Interplanetary Magnetic Field Flux and K -r

Index of Magnetic Activity," Geomagnetizm i aeronomiTa , Vol.lO, No.2,

1970.

Kovalevskiy, I.V., "Features of Interplanetary Medium in the Period of Geo-

ma@netic Storms," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

Kotsarenko, N.Ya., Koshevaya, S.V., Yukhimuk, A.K,, "One of the Mechanisms

of the Formation of Inhomogeneities in Interplanetary Plasma," Geoma@netizm

i aeronomiya, Vol.lO, No.Q, 1970.

Kotsarenko, N.Ya., Yukhimuk, A.K., "On the Generation of Ion-Sound Waves in

Space," Geomagnetizm i aeronomiya, Vol.lO, No.5, 1970.

12. Investigation of Distant Space Objects

Abramyan, G.L., Benediktov, Ye.A., Getmantsev, G.G., Zinichev, V.A., "Toward

the Problem of the Existence of a Galactic Radio Corona," Astronom. zh.,

Vol._7, No.3, 1970.

.II
. "On the Radio Radiation of the Background in the i = 20.8 -Ariskin, V.I ,

32.8 ° Galactic Longitude Interval," ibid.

Belyayev, V.P., Kurt, V.G., Melioranskiy, A.S., Smirnov, A.S., Sorokin, L.S.,

Tiyt, V.M., "Measurements of Ultraviolet Radiation from the 'Venera-5'

and 'Venera-6' Automatic Interplanetary Space Stations," Kosmich. issled.,

Vol.8, No.5, 1970.

Benediktov, Ye.A., "O stabil'nosti izlucheniya diskretnogo radioistochnika

Kassiopeya-A v dekametrovom diapazone voln" [On the Radiation Stability

of the Discrete Radiation Source of Cassiopeia A in the Decameter Wave-

length Band], Izv. vTssh, uchebn, zaved. Radiofizika [News of the Higher

Educational Institution of Radiophysics], Vol.13, No.lO, 1970.

Braude, S.Ya., Zhuk, I.N., Lebedeva, O.M., "Processes Resulting in Spectral

149



Deviations of Discrete Sources of Cosmic Radiation Fromthe PowerLaw,"
Ukr. fiz. zhurn., Vol.l&, No.ll, 1969.

Braude, S.Ya., Zhuk, I.N., Lebedeva, O.M., "Spectra of Discrete Sources in

the Decameter Wavelength Band. II_" Ukr. fiz. zhurn., Vol.15, No.l, 1970.

Braude, S.Ya., Zhuk, I.N., Lebedeva, O.M., "Time Measurments of Flux Den-

sities of Discrete Sources in the Decameter Wavelength Band," Ukr. fiz.

zhurn., Vol.lS, Noo2, 1970.

Broderik, D.D., Vitkevich, V.V., et al., "Observations of Compact Radio

Sources on a Radio Interferometer from the Greenbank Base," Kr_m. astronom.

z_h., Vol.&7, No._, 1970.

Bystrova, N.V., Gosachinskiy, I.V., Yegorova, T.M., Karlov, N.V., Krynetskiy,

B.B., Ryzhikov, N.F., "Opredeleniye koordinat nekotorykh galakticheskikh

istochnikov anomal'no vozbuzhdennogo gidroksila" [Determination of the

Coordinates of Some Galactic Sources of Anomalously Disturbed Hydroxyl],

Dokl. AN SSSR [Reports of the AN SSSR], Vol.191, No.4, 1970.

Vitkevich, V.V., Shitov, Yu.P., "Obnaruzheniye lineynoy polyarizatsii pul'sara /--135

MR 1628 i nekotoryye kharakteristiki yego radioizlucheniya v diapazone

metrovykh voln" [Detection of Linear Polarization of the MR 0628 Pulsar

and Some Characteristics of its Radio Radiation in the Meter Wavelength

Band], Izv. vyssh, uchebn, zaved. Radiofizika [News of the Higher Educa-

tional Institution of Radiophysics], Vol.13, No.lO, 1970.

Getmantsev, G.G., Pyatova, Ye.D., Tokarev, Yu.V., Shibayev, V.A., "O galak-

ticheskoy i metagalakticheskoy sostavlya3n/shchikh raspredelennogo kos-

micheskogo radioizlucheniya" [On the Galactic and Metagalactic Distrib-

ution Component of Cosmic Radio Radiation], ibid.

Gurevich, L.E., Rumyantsev, A.A., "Toward a Theory of the Brightness Curve

with Supernova Flares," Astronom. zh., Vol._7, No._, 1970.

Dibay, E.A., "Observations of Cometary Nebulae and Globules," Astronom. zh.,

Vol._7, No.5, 1970.

Zubtsov, A.S., Obashev, S.O., "Katalog solnechnykh vspyshek" [Catalog of

Solar Flares], Trud_ Astrofiz. in-ta AN KazSSR [Proceedings of the Astro-

physics Institute of the AN KazSSR], No.15, 1969.

Karitskaya, Ye.M. I Komberg, B.V., "A Possible Evaluation of the Masses of

Quasi-Stellar Objects and Nuclei of Galaxies, in Whose Spectra the Absorp-

tion Lines are Displaced to the Side of the Long Waves," Astronom. zh.,

Vol._7, No.&, 1970.

Kislyakov, A.G., "Radioastronomical Investigations in the Millimeter and

Submillimeter Wavelength Bands," Usp. fiz. nauk, Vol.lOl, No.4, 1970.

Kostenko, V.I., Matveyenko, L.I., "Issledovaniye radioizlucheniya krabovidnoy

tumannosti i nekotorykh kvazarov na volnakh 8,2 i 3,36 cm" [Investigation

150



of the Radio Radiation of the Crab Nebula and Certain Quasars on the

8.2 and 3.36 cm Wavelengths], Izv. v_ssh, uchebn, zaved. Radiofizika

[News of the Higher Educational Institution of Radiophysics], Vol.13,

No.lO, 1970.

Kostyakova, Ye.B., "Investigation of Planetary Nebulae in the Near Ultra-

violet Spectral Region," Astronom. zh., Voi.67, No.5, 1970.

Kuril'chik, V.N., "Extragalactic Sources of Cosmic Radio Radiation,"

Astronom. zh., Vol.&7, No._, 1970.

Kuril'chik, V.N., "Extragalactic Sources of Cosmic Radio Radiation. II,"

Astronom. zh., Vol._7, No.6, 1970.

Kuril'chik I V.N., "On the Possible Anisotropy of Radio Radiation of Certain

Quasars," Astronom. zh., Vol.&7, No.l, 1970.

Kurochka, L.N., "Electron Density and the Structure of Chromospheric Quasars,"

ibid.

Melik-Alaverdyan, Yu.K.,"A Flocculent Model of Radio Radiating Clouds of

Radio Galaxies," Astrofizika, Vol.6, No.2, 1970.

Pavlovskaya, Ye.D., Sharov, A.S._ "The Structure and the Visible Picture of

the Milky Way," Astronom. zh., Vol._7, No.5, 1970.

Petrovskaya, I.V., "On the Rotation of the Subsystem of Neutral Hydrogen in

the Inner Regions of the Galaxy with I z I _ O," Vestn. LGU! Matematika!

mekhanika! astronomi[a, No.&, 1970.

Razin, V.A., "On Cosmic Electrons in the Galaxy," Astronom. zh., Vol.&7,

No.I, 1970.

Sazonov, V.N., "O vozmozhnom prokhozhdenii koSmicheskikh radiospektrov s

polozhitel'noy kriviznoy u diskretnykh istochnikov" [On the Possible

Passage of Cosmic Radio Wave Spectra with Positive Curvature Near the

Discrete Sources], Izv. vyssh, uchebn, zaved. Radiofizika [News of the

Higher Educational Institution of Radiophysics], Vol.13, No.2, 1970.

Sizikov, V.S., "On the Structure of Models of Galaxies Along the 21 cm

Line Profiles of Neutral Hydrogen," Astronom. zh., Vol.&7, No.&, 1970.

Smirnov_ A.S., "Stellar Component of the Sky Background in the Extreme

Ultraviolet Region of the Spectrum," Kosmich. issled., Vol.8, No.5, 1970.

Sodin, L.G., "Primeneniye metoda statisticheskikh otsenok v radioastronomi-

cheskikh izmereniyakh intensivnosti diskretnykh istochnikov" [Application

of a Method of Statistical Estimates in Radioastronomical Measurements

of the Intensity of Discrete Sources], Izv. vyssh, uchebn, zaved. Radio-

fizika [News of the Higher Educational Institution of Radiophysics],

Vol.13, No.5, 1970.

151



Sorochenko, R.L., Berulis, I.I., Physical Conditions in the Orion Nebula

(NGC 1976) Based on Observations of Radio Spectral Lines of Excited

Hydrogen H56a," Astronom. zh., Voi.47, No.&, 1970.

Starikova, G.A., "On the Structure of Obscuring Matter in the Neighborhood

of the Sun," ibid.

Tokarev, Yu., "0 lone radioizlucheniya Metagalaktiki" [On the Background of

Radio Radiation of the Metagalaxy], Izv. v_ssh, uchebno zaved. Radiofizika

[News of the Higher Educational Institution of Radiophysics], Vo1.139

No.lO, 1970.

Shklovskiy, I.S., "On the Nature of Flares of Quasars and the Nuclei of

Seyfert Galaxies," Astronom. zh., Vol.&7, No.&, 1970.

/--136

13. Cosmolog_

Agekyan, T.A., Zvezd[l _alaktiki! Meta@alaktika [Stars, Galaxies, and the

Metagalaxy], Moscow, "Nauka" Press, 1970.

Akhundova, G.V., Seydov, Z.F., "On the Spatial Orientation of Planetary

Nebulae," Astronom. zh., Vol.&7, No.l, 1970.

Belinskiy, V.A._ Lifshits, Ye.M., Khalatnikov, I.M., "Oscillation Conditions

of the Approach to a Special Point in Relativistic Cosmology," Usp. fiz.

nau.___kk,Vol.lO2, No.3, 1970.

Bisnovatyy-Kogan, G.S., "On the Explosion Mechanism of a Rotating Star as

a Supernova," Astronom. zh., Vol.&7, No.&, 1970.

Bisnovatyy-Kogan, G.S., Zel'dovich, Ya.B., "The Development of Disturbances

in the Expanding Universe from Liberated Particles," Astronom. zh.,

Vol._7, No.5, 1970.

Vorontsov-Vel'yaminov, B.A., "The Rotation of Galaxies," Astronom. zh.,

Vol.&7, No.l, 1970.

Vorontsov-Vel'yaminov, B.A., "Masses and the Relationship of Mass to Lumin-

osity for the Galaxies," Astronom. zh._ Vol. _7, No.2, 1970.

Genkin, I.L., Genkina, L.M., "Toward the Problem of Comparing the Dimensions

of the Galaxies," ibid.

Gnedin, Yu.N., Dolginov, A.Z., "The Origin of the X-Rays of the Metagalaxy,"

Pis'ma v ZhETF, Vol.12, No.7, 1970.

Gnedin, Yu.N., Dolginov, A.Z., "Acceleration of Cosmic Electrons and a Poss-

ible Mechanism for the Formation of the Spectrum of Metagalactic X-Rays,"

Pis'ma v ZhETF, Vol.ll, No.ll, 1970.

15 p,



Gorbachev, B.I., "Orientation in Physical Pairs of Galaxies," Astronom. zh.,

Vol._7, No.5, 1970.

Dzyuba, B.M., Yakubov, V.B., "Numerical Calculation of the Evolution of a

Spherical Galaxy with Rotation," Astronom. zh., Vol._7, No.l, 1970.

Dibay, E.A., "Estimations of the Brightness of Selected Galaxies of Mar-

karyan," Astrofizika, Vol.6, No.2, 1970.

Doroshkevich, A.G., Novikov, I.D., "Model of a Mixed World and a Cosmolog-

ical Problem," Astronom. zh., Voi.47, No.5, 1970.

Zasov, A.V., Dibay, E.A., "Certain Characteristics of Nuclei and the Integral

Characteristics of Seyfert Galaxies," Astronom. zh., Voi.47, No.I, 1970.

Zel'dovich, Ya.B., "Disintegration of Homogeneous Matter into Parts Under

the Influence of Gravity," Astrofizika, Vol.6, No.2, 1970.

Zel'dovich, Ya.B., "Particle Production in Cosmology," Pis'ma v ZhETF,

Vol.12, No.9, 1970.

Zryakov, I.N., Mozol'kov, A.Ye., "Boundaries of Stability of Spatial Homo-

geneous Distribution in the Particle System for the Potential of an Inter-

action with a Well," Vestn. MGU 7 Fizika_ astronomiya, No.2, 1970.

Ivanenko, D.D., Kurdgelaidze, D.F., "Kvarkovyye zvezdy" [Quark Stars], Izv.

vyssh, uchebn, zaved. Fizika [News of the Higher Educational Institution

of Physics], No.8, 1970.

Imshennik, V.S., Seidov, Z.F., "Pulsation Periods of Rotating White Dwarfs

Near Chandrasekhar's Limit," Astrofizika, Vol.6, No.Z, 1970.

Imshennik, V.S., Chechetkin, V.M., "Thermodynamics Under the Conditions of

Hot Neutronization of Matter and the Hydrodynamic Stability of Stars

at the Late Stages of Evolution," Astronom. zh., Voi.47, No.5, 1970.

_/137

Karachentsev, I.D., "On the Nature of Movements in Pairs of Galaxies,"

Astronom. zh., Voi.47, No.3, 1970.

Lozinskaya, T.A., "Interferometer Observations of the Fine Filamentary

Nebula NGC 6888," Astronom. zh., Voi.%7, No.i, 1970.

Marochnik, L.S., "On the Thermodynamic Irreversibility and Relaxation in

Galaxies," ibid.

Novikov, I.D., "Origin of the Motion of Matter in Homogeneous Anisotropic

Cosmological Models and the Chemical Composition of Primary Matter,"

Astronom. zh., Vol._7, No.6, 1970.

Ozernoy, L.M., "Accretion of Clouds of Intergalactic Gas by Galaxies and

Quasar-like Phenomena," Astronom. zh., Voi.%7, No.2, 1970.

Ozernoy, L.M., Chibosov, G.V., "Dynamic Parameters of Galaxies as the Result

153



of Cosmic Turbulence," Astronom. zh., Voi.47, No.4, 1970.

Pikel'ner, S.B., "Shock Waves in Spiral Branches of Sc Galaxies," ibid.

Prilutskiy, O.F., Rozental', I.L., Shukalov, I.B., "On Back0round Radiation,"

ibid.

Prilutskiy, O.F., Rozental', I.L., "On the Ionization and Heating of Inter-

galactic Gas," Astronom. zh., Voi.47, No.5, 1970.

Rekalo, M.P., "Propagation of Cosmic Rays in a Neutrino Sea. I. Protons

in Cosmic Rays," Ukr. fiz. zhurn., Vol.15, No.6, 1970.

Rekalo, M.P., "Propagation of Cosmic Rays in a Neutrino Sea. II. Electrons

and Neutrinos in Cosmic Rays," ibid.

Sapar, A., "Main Dependencies in Cosmic Models with Matter and Radiation,"

Astronom. zh., Voi.47, No.3, 1970.

Syunyayev, R.A., "Stationary Relativistic Gas in Cosmic Objects and the

y-Background in the 1-20 Mev Re@ion," Pis'ma v ZhETF, Vol.12, No.7, 1970.

Tashpulatov, N., "Tidal Effect and Possibilities of the Formation of Central

Bars and Tails of Galaxies, If. On the Possibility of the Formation of

Tails of Interacting Galaxies Upon Close Encounters," Astronom. zh., Vol.

47, No.2, 1970.

Finkel'shteyn, A.M., "Theory of Gravity with a Changed Gravitational Constant,"

BTull. In-ta teoret, astronomii, Vol.12, No.l, 1970.

Chernin, A.D., "Turbulence in the Isotropic Universe," Pis'ma v ZhETF, Vol.

II, No.6, 1970.

Shishov, V.I., "Scintillation of Radio Sources with Finite An0ular Dimensions,"

Astronom. zh., VoI.47, No.l, 1970.

Eynasto, Ya., Ryummel', U., "Andromeda M 31 Galaxy. III. Hydrodynamic

Model," Astrofizika, Vol.6, No.2, 1970.

14. Flight Dynamics of Space Vehicles

Alekseyev, K.B., et al., Manevrirovani[e kosmicheskikh apparatov [Space

Vehicle Maneuvering], Moscow, Mashinostroyeniye Press, 1970.

Al'shevskiy, S.V., "Structure of the Intermediate Orbit with a Consideration

of Large Perturbations Upon Movement of the Space Vehicle Near the Boun-

dary of the Sphere of Influence of a Planet," Kosmich. issled., Vol.8,

No.3, 1970.

Batuyeva, H.B., "Application of Delaunay's Method Toward the Calculation /--138

154



of Perturbations in the Motion of the Artificial Satellite Callisto

(IV_ Satellite of Jupiter)," Vestn. LGU_ Matematika_ mekhanika! astron-
omiy______a,No._, 1970.

Bakhshiyan, B.Ts., "Selection of Optimal Moments of Independent Trajectory

Changes," Kosmich. issled., Vol.8, No.l, 1970.

Beletskiy, V.V., "Evaluation of the Nature of the Interaction of the Aerodynamic

Current from a Satellite by Analysis of the Motion of the 'Proton-2'

Satellite Relative to the Center of Mass," Kosmich. issled., Vol.8,
No.2, 1970.

Borodovskiy, V.N., 'k=ontrol Synthesis of Finite States of Space Vehicles,"

Kosmich. issled., Vol.8, No.3, 1970.

Brusov, V.S., Piyavskiy, S.A., "l_w-Thrust Engine, Universal for the

Two-Dimensional Diaposone of Maneuvers," Kosmich. issled., Vol.8, No._,
1970.

Bukreyev, V.Z., "Synthesis of Optimal Control of a Flying Vehicle on an

Active Stretch," Kosmich. issled., Vol.8, No.6, 1970.

Vorob'yev, L.M., K teorii poleta raket [Toward the Theory of Rocket Flight],

Moscow, Mashinostroyeniye Press, 1970.

Vorob'yev, L.M., "Elements of the Theory of Finding the Directions of Heav-

enly Bodies by a Plane with a Mobile Platform," Kosmich. issled., Vol.8,
No.3, 1970.

Gatapov, V.G., Kolobov, B.P., "Numerical Calculation of Dampin0 in Artificial

Earth Satellite Passive Stabilization Systems," Kosmich. issled., Vol.8,
No.5, 1970.

Gaushus, E.V., Ledenev, G.Ya., "Dynamics of Orientation Systems with Spatial

Advance," Kosmich. issled., Vol.8, No.6, 1970.

Gaushus, E.V., Skotnikov, B.P., "On the Related Control of the Orientation

of Space Vehicles," Kosmich. issled., Vol.8, No.l, 1970.

Golubkov, V.V., "Determination of the LOcal Orientation of Space Vehicles,"

Kosmich. issled., Vol.8, No.6, 1970.

Gurman, V.I., Lavrovskiy, E.G., Sergeyev, S.I., "Optimal Control of the Orien-

tation of an Axisymmetric Rotating Space Vehicle," Kosmich. issled.,

Vol.8, No.3, 1970.

Gurman, V.I., Popov, Yu.B., Salmin, V.V., "On the Possibility of Realizing

the Trajectories of Vehicles with Low Thrust with a Consideration of

their Motion Near the Center of Mass," Kosmich. issled., Vol.8, No.T, 1970.

Dzhumanaliyev, N.D., Kiselev, M.I., "On Small Fluctuations of the Systems

with a Solar Sail," Kosmich. issled., Vol.8, No.l, 1970.

Dolgachev, V.P., "On Secular Perturbations of the Second Order in the

159



the Motion of Distant Artificial Earth Satellites," Vestn. MGU_ Fizika_

astronomiya, No.3, 1970.

Yermilov, Yu.A., "Programming Control with a Consideration of the Limited-

hess of Traction for Satellite Encounters Based on the Method of Free

Trajectories," Kosmich. issled., Vol.8, No.2, 1970.

Yershov, V.G., "On Optimizing the Program of Trajectory Changes," Kosmich.

issled., Vol.8, No.l, 1970.

Yefimov, G.B., "Optimal Acceleration in the Central Field up to Hyperbolic

Velocities," ibid.

Zeynalov, R.A., "On Determination of a Circular Orbit of an Artificial Earth

Satellite with the Utilization of Incomplete Observations," Byull. In-ta

teoret, astronomii, Vol.12, No.Z, 1970.

Zigunov , V.N. 9 Papush, P.N., Rostovskaya, A.A., "Toward the Problem of

Determining the Orientation of Artificial Earth Satellites Based on

Measurements of One Direction," Kosmich. issled., Vol.8, No.5, 1970.

Ivashkin, V.V., "Certain Properties of the Optimal Correction of the Trajectory

of Space Flight for Ensurin 0 the Subsequent Maneuvers" ibid.

Ivashkin, V.V., "Structure of Krotov's Function for Certain Problems

of Optimizing Transfers Between Orbits," Kosmich. issled., Vol.8, No.2,

1970.

/_139

Ii'in, V.A., Demeshkina, V.V., Istomin, N.A., "Investigation of the Trajectories

of the Near Circumnavigation of the Moon with Return to Earth's Atmosphere.

I_" Kosmich. issled., Vol.8, No.l, 1970.

If'in, V.A., Demeshkina, V.V., Istomin, N.A., "Investi@ation of the Trajec-

tories of the Near Circumnavigation of the Moon with Return to Earth's

Atmosphere. II," Kosmich. issled., Vol.8, No.3, 1970.

Ioffe, I.G., "The Error of Devices to Sight the Horizon of the Earth and

Moon from the Influence of the Unevenness of the Surface of the Planet,"

Kosmich. issled., Vol.8, No.4, 1970.

Ioffe, I.G., Kislik, L.I., "Certain Problems of the Accuracy of the Ion

Method of Orientation," ibid.

Kalachev, V.L., "Investigation of the Geometry of Tracks of Artificial Earth

Satellites," Kosmich. issled., Vol.8, No.3, 1970.

Kalenov, N.Ye., "On the Possibility of Determining the Orientation of an

Artificial Earth Satellite by a Single-Vector Scheme When There Are

Small Vacillations of the Satellite Relative to the Center of Mass,"

Kosmich. issled., Vol.8, No.5, 1970.

Kopnin, Yu.M., "Approximation Analysis of One Class of Single-Impulse Transfers

Between Orbits with a Consideration of the Final Time of the Effect of

Thrust," Kosmich. issled., Vol.8, No.l, 1970.

156



Kuzmak, G.Ye., Kinamika neupravlyayemogo dvizheniya letateltnykh apparatov

pri vkhode v atmosferu [Dynamics of Uncontrolled Motion of Flying

Vehicles Upon Entry into the Atmosphere], Moscow, "Nauka" Press, 1970.

Lavrovskiy, E.K., Trushin, S.I., ."Methods of Determining the Orientation of

Artificial Earth Satellites by Telemetric Measurements," Kosmich. issled.,

Vol.8, No.2, 1970.

Lavrovskiy, E.K., "On the Problem of the Optimal Reorientation of Satellites,"

Kosmich. issled°, Vol.8, No.6, 1970.

Lavrovskiy, E.K., Trushin, S.I., "Determination of the Orientation of Artificial

Earth Satellites 'Elektron-2' and 'Elektron'_'," Kosmich. issled., Vol.8,

No.2, 1970.

Lavrovskiy, E.K., "Optimal Reduction of a Dynamically Symmetrical Satellite

to a State of Axial Vortex," Kosmich. issled., Vol.8, No.6, 1970.

Levantovskiy, V.l., Mekhanika kosmicheskogo poleta [Mechanics of Space Flight],

Moscow, "Nauka" Press, 1970.

Legostayev, V.P., "Stability of a Deformed Satellite," Kosmich. issled.,

Vol.8, No._, 1970.

Lidov, M.L., Lyakhova, V.A., "A Calculating Algorithm of Linear Impulse

Correction in the Presence of Restrictions on the Type of Inequalities,"

ibid.

Lukashevich, Ye.L., "Intermediate Orbits of Planetary Satellites," Kosmich.

issled., Vol.8, No.3, 1970.

Mamatkazin, D.A., "Programming the Trajectories of Space Vehicles," Prikladnaya

matematika i mekhanika, Vol.3&, No.2, 1970.

Martynova, N.F., "Certain Probable Characteristics of the Motion of an

Artificial Earth Satellite Near the Center of Mass," Vestn. LGU 7 Matematika!

mekhanika! astronomi[a, No.l, 1970.

Navigatsiya t navedeniye i stabilizatsiya v kosmose [Navigation, Guidance,

and Stabilization in Space], Moscow, Mashinostroyeniye Press, 1970.

Orlov, A.A., "On One Canonical System of Elements in the Theory of Motion

of Satellites," Vestn. MGU! Fizikal astronomiya, No.3, 1970.

Okhotsimskiy, D.Ye., Bukharkina, A.P., Golubev, Yu.F., "Algorithm of Autonomous

Control of the Reduction of a Space Vehicle to a Given Landing Area,"

Kosmich. issled., Vol.8, No.2, 1970.

Petrov, B.N., Ageyev, Zh.S., Viktorov, B.V., Ukolov, I.S., "Controlling the

Angle of Incidence of a Space Vehicle by Means of Changing the Trim,"

Kosmich. issled., Vol.8, No.6, 1970.

/__o

157



Petrov, B.N., Krasovskiy, A.A., Popov, Ye.P., Raushenbakh, B.V., "Scientific

Problems of Controlling Aircraft," Vestn. AN SSSR, No.ll, 1970.

Pomyakhova, Ye.N., "Long-term Perturbations of Artificial Satellites Under

the Effect of Solar Light Pressure," Vestn. LGU! Matematika_ mekhanika?

astronomiya, No.2, 1970.

Porfir'yev, L.F., Smirnov, V.V., Sereda, Yu.A., "Analytic Evaluations of the

Precision of Determining the Parameters of Motion of Artificial Earth

Satellites Based on Measurements of the Height of Stars Above the Horizon,"

Kosmich_ issled., Vol.8, No.5, 1970.

Razumov, O.S., "On the Influence of Errors in the Registration of the Moments

of Observations on the Topocentric Coordinates of Artificial Earth Sat-

ellites," Geodeziya karto@rafiya, No.9, 1970.

Raushenbakh, B.V., "The Influence of the Dimensions of the Space Vehicle on

Expenditures of Mass and Energy on its Orientation," Ko_nich. issled.,

Vol.8, No._, 1970.

Rabinovich, B.I., Rogovoy, V.M., "On a Calculation of the Viscosity of Liquid

Fuel when Tracking the Motion of Guided Space Vehicles with Liquid Pro-

pellant Rocket Engines," Kosmich. issled., Vol.8, No.3, 1970.

Rudakov, V.M., "On the Comparative Effectiveness of Discrete and Continuous

Navigational Changes in the Problem of Determining the Orbital Plane,"

Kosmich. issled., Vol.8, No.l, 1970.

Rutkovskiy, V.Yu., Sukhanov, V.M., "Controlling the Angular Motion of a

Deformed Satellite with Distributed Masses, I,"ibid.

Ryasin, V.A., "Model of Motion Control in an Accidental Medium,"

Sadov, Yu.A., "Rapid Rotation of a Satellite with a Magnetic Damper. I.

Damper Motion," Kosmich. issled., Vol.8, No._, 1970.

Salmin, V.V., "Optimal Control by a Combination System Consisting of an Engine

of Limited Velocity and an Engine of Limited Output," ibid.

Sikharulidze, Yu.G., "Optimal Impulse Braking Upon Entry into the Atmosphere,"

Kosmich. issled., Vol.8, No.2, 1970.

Temirbayeva, M.K., "Stability of the Relative Equilibrium of a Satellite in an

Axisymmetric Field," Kosmich. issled., Vol.8, No.6, 1970.

Trushin, S.I., "On a Calculation of the Orbital Perigee Motion in the Problem

of the Rotation and Orientation of Artificial Earth Satellites," Kosmich.

issled., Vol.8, No.4, 1970.

Khatskevich, I.G., Opredeleniye ori[entatsii ISZ po magnitometricheskim iz-

merenlyam [Determining the Orientation of Artificial Earth Satellites

Based on Magnetometric Measurements], Preprint No.&6, In-t prikladnoy

matematiki, 1970.

158



Khentov, A.A., Kleyev, V.I., "O_cillation in an Artificial Earth Satellite

Around its Center of Mass with a Consideration of Energy Losses on

Magnetic Hysteresis," Kosmich. issled., Vol.8, No.5, 1970.

Yaroshevskiy, V.A., Petukhov, S.V., "Optimal Single Parameter Correction of

the Trajectories of Space Vehicles," Kosmich. issled., Vol.8, No.&, 1970.

Yashkin, S.N., "Perturbations in Elements of the Orbit of an Artificial
Earth Satellite from the Tesseral and Areal Harmonics of the Potential

of the Force of Earth's Attraction," Astronom. zh., Vol.&7, No.5, 1970.

Yashkin, S.N., "Cases of Resonance in Elements of the Orbit of Artificial

Earth Satellites," Astronom. zh., Vol.&7, No.6, 1970.

15. Space Radio Communication and Telephotometry /__&l

BoGomolov , A.F., Poperechenko, B.A., "Vysokoeffektivnyye parabolicheskiye

antenny dlya kosmicheskoy svyazi i radioastronomii" [Highly Effective

Parabolic Antennas for Space Communication and Radioastronomy], Izv.

vyssh, uchebn, zaved. MV i SSO i SSSR po razdelu radioelektronika [News

of the Higher Educational Institution of the Ministry of Higher and

Secondary Special Education and the USSR, Radioelectronics Section],

Vol.13, No._, 1970.

Gadion, V.N., "A Method of Measurin G Velocity and a Launching Apparatus for

the Photography System of 'Luminous' Models During Ballistic Investigations,"

Zhurnal nauchnoy i prikladnoy foto_rafii i kinemato@rafii, Vol.15, No._,

1970.

Kuzenkov, A.F., Yermakov, V.I., "Optimizing the Work of the Transceiver of

the RKZ Type Radiosound," Meterolo@i[a i @idrolo@i[a, No.7, 1970.

Rosselevich, I.A., Pivovarov, S.P., Bratslavets, P.F., "The Development of

Space Television in Ten Years," Tekhnika kino i televideniya, No.9, 1970.

Rychka, V.A., "Koeffitsiyent vzveshivaniya pri peredache televideniya cherez

ISZ" [Suspension Coefficient in Television Transmission Through Artificial

Earth Satellites], Voprosy radioelektroniki T Seri/a Tekhnika radiosvTazi '

(TRS) [Problems of Radioelectronics, Series of Radio Communications

Engineering (TRS)], No.8, 1969.

16. Apparatus and Equipment of Space Vehicles

Andronov, I., "Electrical Engineering in Space, " Elektrotekhnika, No.7, 1970.

Bobrov, V.N., Vurtsev, Yu.A., "A Quartz z-Barometer for Autonomous Variation

Stations," Geoma_netizm i aeronomiya, Vol.lO, No.&, 1970.

Burakov, Yu.B., Styazhkin, V.I., Chasovitin, Yu.K., "Pribor 'Zond Lensmyura'

dlya raketnykh issledovaniy ionosfery" [LanGmuir Probe for Rocket Ion-

159



osphere Research], Trud 7 IEM [Proceedings of the Institute of Electro-

mechanics], No.16, Leningrad, Gidrometeoizdat, 1970.

Vetlov, I.P., Yeremin, V.P., Listratov, A.V., Rodionov, V.T., "Infrared

Apparatus of 'Meteor' System Satellites," Meteorologiya i gidrologiya,

No.4, 1970.

Vspomogatel'nyye sistemy raketno-kosmicheskoy tekhniki [Auxiliary Systems

of Rocket and Space Technology], Moscow, Mir Press, 1970.

Masevich, A.G., Lozinskiy, A.M., "New Soviet Cameras for Photo Observations

of Artificial Heavenly Bodies," Vestn. AN SSSR, No.2, 1970.

Pyaskovskaya-Fesenkova, Ye.V., Sitnik, G.F., "Fesenkov's Halo Photometer

and the Methodology of Working with It," Meheorologiya i _idrologiya, No.8,

1970.

Surkov, Yu.A., Andreychikov, B.M., Kalinkina, O.M., Grechishcheva, I.M.,

Sheynin, D.M., Mochalkin, A.I., "Instruments for Investigating the Com-

position of the Atmosphere of Venus Used on the 'Venera-&', 'Venera-5',

and 'Venera-6' Interplanetary Stations1" Kosmich. issled., Vol.8, No.5,

1970.

Shlyakhov, V.I., Fridzon, M.B., Kurakin, V.I., "New Instruments for Measuring

Radiation," Meteorologiya i sidrologiya, No.8, 1970.

17. Space Vehicles

Zaletayev, V.M., Kapinos, Yu.V., "Toward a Calculation of Temperature Fields

in the Construction Elements of Space Vehicles Having the Form of Cyl-

indrical Shells," Kosmich. issled., Vol.8, No.&, 1970.

Mikishev, G.N., Stepanenko, V.G., Aminov, V.R., "The Application of Construc-

tively Similar Models for Investigating the Dynamic Properties of Space

Vehicles," Kosmich. issled., Vol.8, No.3, 1970.

Skuridin, G.A., Kosmicheskaya fizika i kosmicheskiye apparaty [Space Physics

and Space Vehicles], Moscow, Znaniye Press, 1970.

Tarasov, Ye.V., Algoritm optimal'nogo letatel'nogo apparata [Algorithm of

Optimal Aircraft], Moscow, Mashinostroyeniye Press, 1970.

Trukhanov, K.A., et al., Aktivnaya zashchita kosmicheskikh korabley [Active

Protection of Spaceships], Moscow, Atomizdat, 1970.

18. Works of a Different Nature

Aksenov, Ye.P., Tatevyan, S.K., "A Program of Highly Precise Artificial

Earth Satellite Observations for Dynamic Goals," Byull, SON, No.57, 1970.

160



Balabanova, V.N., Bychkova, K.D., "Ob ispol'zovanii chetyrekhkhloristogo

ugleroda dlya sozdaniya iskusstvennogo svetyashchegosya oblaka v verkhney

atmosfere" [Utilization of Carbon Tetrachloride to Create an Artificial

Noctilucent Cloud in the Upper Atmosphere], Trudy IEM [Proceedings of the

Institute of Electromechanics], No.16, Leningrad, Gidrometeoizdat, 1970.

Balodis, Ya.K., "Determination of Moments of Time of the Topocentric Directions

of Bright Satellites Based on Measurements from AFU-75 Pictures,"

Nauchnyye informatsii Astrosoveta, No.18, Moscow, 1970.

Balodis, Ya.K., Lapushka, K.K., Lautseniyeks, L.K., "Observations of Active

Artificial Earth Satellites by AFU-75 Cameras in the Photography Con-

ditions of Faint Satellites," Byull. SON, No.57, 1970.

Belousov, L.Yu., Komarov, V.A., "Some Overall Results in the Problem of

Determining the Optimal Moments of Measurement for Different Models of

Measurement Errors," Kosmich. issled., Vol.8, No.3, 1970.

Verenchikov, N.N., "K voprosu ob uvelichenii tochnosti izmereniya temperatury

poverkhnosti morey i okeanov s pomoshch'yu infrakrasnoy radiometricheskoy

apparatury s samoleta" [Toward the Problem of Increasing the Accuracy of

Measuring the Temperature of the Surface of Seas and Oceans by Means of

an Infrared Radiometric Apparatus from an Airplane], Trudy GGO [Proceedings

of the Main Geophysical Observatory], No.235, Leningrad, Gidrometeoizdat,

1970.

Gorodetskiy, A.K., Malkevich, M.S., Orlov, A.P., Timofeyeva, V.I., "Nekotoryye

rezul'taty izmereniy izlucheniya Zemli v intervale spektra 10-12 mkm so

sputnika 'Kosmos-2_3'" [Some Results of Measurements of the Earth's Rad-

iation in the 10-12 _ Spectral Interval from the "Kosmos-243" Satellite],

Izv. AN SSSR? Fizika atmosfery i okeana [News of the AN SSSR, Physics

of the Atmosphere and Ocean], Vol.6, No.5, 1970.

Gri0orevskiy , V.M., "On Investigations According to the 'SPIN' Pro0ram,"

Byull. SON, No.57, 1970.

Grigor'yeva, V.P., Slysh, V.I., "Long-Wave Cosmic Radio Radiation in Circum-

lunar Space," Kosmich. issled., Vol.8, No.2, 1970.

Yerpylev, N.P., "On Standardization of Astrometrical Processing of Satellite

Communications," Byull. SON, No.57, 1970.

Zaletayev, V.M., "Earth's Own Radiation onto Elements of Space Vehicles

Partially Screened from the Earth," Kosmich. issled., Vol._, No.4, 1970.

Zhongolovich, I.D., "Project of the Geodesic Vector Course of the Arctic

to Antarctica," Byull. SON, No.57, 1970.

Ivanov-Kholodnyy, G.S., Kazachevskaya, T.V., Kokin, G.A., Mikhnevich, V.V.,

"A Discussion of the Results of the Experiment That Was Conducted," IN:

Issledovaniya atmosfery i ionosfery v period povyshennoy solnechnoy

aktivnosti [Research on the Atmosphere and Ionosphere in a Period of

Heightened Solar Activity], Leningrad, Gidrometeoizdat, 1970.

161



Iz istorii astronavtiki i raketnoy tekhniki. Materialy XVIII Mezhdunarodnogo

astronavticheskogo kongressa. Belgrad? 25-29 sentyabrya 1967 g. [From

the History of Astronautics and Rocket Technology. Materials of the

XVIII International Astronautics Congress, Belgrad, 25-29 September,

1967], Moscow, "Nauka" Press, 1970.

Istomina, L.G., Malkevich, M.S., Syachinov, V.I., "O prostranstvennoy

strukture polya yarkosti Zemli po izmereniyam so sputnika 'Kosmos-149'"

[On the Spatial Structure of the Field of Brightness of the Earth Based

on Measurements from the 'Kosmos-149' Satellite], Izv. AN SSSR, Fizika

atmosfery i okeana [News of the AN SSSR, Physics of the Atmosphere and

Ocean], Vol.6, No.5, 1970.

Kasimenko, T.V., "Use of Satellite Base Observations for Improving Certain

Elements of Orbits in a Short Time Period," Nauchnyye informatsii Astro-

soveta, No.18, Moscow, 1970.

Kovalenko, N.N.,"An International Showing of Photographic Observations of

Europe and Africa from the 'Pegasus' Satellite," ibid.

/_143

Kondrat'yev, K.Ya., Buzinkov, A.A., et al., "Nekotoryye rezul'taty spektro-

fotometrirovaniya Zemli s kosmicheskogo korablya 'Soyuz-7'" [Some Results

of Spectral Photometry of the Earth from the "Soyuz-7" Spaceship], Dokl.

AN SSSR, Voi.195, No.5, 1970.

Korshunov, A.M., Kremer, M.S., "Problemy kosmicheskogo nablyudeniya i

eksperimenta" [Problems of Space Observation and Experiments], Nauchn.

dokl. vyssh, shkoly. Filosofskiye nauki [Scientific Reports of the

Higher School of Philosophical Sciences], No.l, 1970.

Kropotkin, P.N., "Possible Role of Space Factors in Geotectonics_" Geotektonika,

No.2, 1970.

Lapushka, K.K., "On the Possibility of Using an AFU-75 Camera in Satellite

Photography," Byull. SON, No.57, 1970.

Lozinskiy, A.M., Masevich, A.G., "Photographic Observations of Artificial

Earth Satellites," Nauchnyye informatsii Astrosoveta, No.18, Moscow, 1970.

Petrov, B.N., "Orbital Stations and the Study of the Earth from Space,"

Vestn. AN SSSR, No.lO, 1970.

Prisnyakov, V.F., "Toward the Problem of Boiling in Weightlessness," Kosmich.

issled., Vol.8, No.5, 1970.

Trushin, S.I., "A Dynamic Analysis of the Rotational Motion of the 'Elektron-2'

and ,Elektron-4' Satellites," Kosmich. issled., Vol.8, No.6, 1970.

Tseytlin, N.M., "Aperture Synthesis in Radio Astronomy," Radiotekhnika i

elektronika, Vol.15, No.3, 1970.

Fortushenko, A.D., et al., Osnovy tekhnicheskogo proyektirovaniya sistem svyazi

cherez ISZ [Bases of the Technical Planning of a Communications System

Through Artificial Earth Satellites], Moscow, Svyaz' Press, 1970.

162



Pavlov, A.V., Permyakov, V.D., "Methods of Determining Errors in the Form

of the Local Vertical on Board a Space Vehicle Because of the Broad

Inequality of the Earth's Radiation," Kosmich. issled., Vol.8, No.5,

197o.

Podosenov, P.B., "On Covariant Degree and Exponential Functions of the

Distribution of Stars and Cosmic Particles," Vestn. MGU 7 Fizika I astro-

nomiya, Vol.ll, No.2, 1970.

Poltavchenko_ D.S., Zhlud'ko, A.D., Shidlovskiy, A.A., "Otsenka teplovogo

rezhima golovnoy chasti meteorologicheskoy rakety MR-12" [Evaluation of

the Thermal Characteristics of the Head of the MR'I2 Weather Rocket],

Trudy IEM [Proceedings of the Institute of Electromechanics], No.16,

Leningrad, Gidrometeoizdat, 1970.

Sevast'yanov, V.I., "Scientific and Technical Experiments on Board the

'Soyuz-9'," Vestn. AN SSSR, No.ll, 1970.

Sorokin, N.A., Tatevyan, S.K., "A Program of Computing the Coordinates of

Ground Stations by the Method of Extrapolating the Orbit on Short Arcs,"

Nauchnyye informatsii Astrosoveta, No.18, Moscow, 1970.

Tatevyan, S.K., "An International_Experiment in Satellite Geodesy," ibid.

Chertoprud, V.Ye., "Toward an Analysis of the Parameter Fluctuations of

the Upper Atmosphere of the Earth. II," ibid.

Chertoprud, V.Ye., "Certain Aspects of the Study of the Upper Atmosphere of

the Earth Based on Ground Observations of Satellites," Byull. SON, No.57,

197o.

Translated for the National Aeronautics and Space Administration

under contract NASw 2038 by Translation Consultants, Ltd.,

Arlington, Virginia.

_r U. S. GOVERNMENT PRINTING OFFICE : 19'/2 720-_03/323

F-666 -- 34 163


